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PREFACE

The United States Air Force Summer Faculty Research Program (USAF-SFRP)
is a program designed to introduce university, oollege, amd technical
institute faculty members to Air Force research. This is accamplished by
the faculty members oeing selected on a nationally advertised campetitive
basis for a ten-week assignment during the summer intersession period t
perform research at Air Force laboratories/centers. E£ach assignment is in a
subject area and at an Air Force facility mutually agreed upon by the
faculty members and the Air Force. In addition to campensation, travel and
cost of living allowances are also paid. The USAF-SFRP is sponsored by the
Air Force Office of Scientific Research, Air Force Systems Command, United
States Air Force, and is conducted by the Southeastern Center for Electrical

Engineering.
The specific objectives of the 1984 USAF-SFRP are:

(1) To provide a praductive means for Scientists and Engineers holding
Ph.D. degrees to participate in research at the Air Force Weapons
L aboratory;

(2) To stimulate continuing professional association among the
Scholars and their professional peers in the Air Force;

(3) To further the research ocbjectives of the United States Air Force;

(4) To enhance the research productivity and capabilities of
Scientists and Engineers especially as these relate to Air Force
technical interests.

During the summer of 1984, 152 faculty members participated. These
researchers were assigned to 25 USAF laboratories/centers across the
country. This three wolume document is a compilation of the final reports
written by the assigned faculty members about their summer research
efforts.
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PREFACE

The United States Air Force Summer Faculty Research Program (USAF-SFRP)
is a program designed to introduce university, oollege, amd technical
institute faculty members to Air Force research. This is accomplished by
the faculty members peing selected on a nationally advertised competitive
basis for a ten-week assignment during the summer intersession period to
perform research at Air Force laboratories/centers. Each assignment is in a
supject area and at an Air Force facility mutually agreed upon by the
faculty members and the Air Force. In addition to campensation, travel and
cost of living allowances are also paid. The USAF-SFRP is sponsored by the
Air Force Office of Scientific Research, Air Force Systems Cammand, United
States Air Force, and is conducted by the Southeastern Center for Electrical
Engineering.

The specific objectives of the 1984 USAF-SFRP are:

(1) To provide a productive means for Scientists and Engineers holding
Ph.D. degrees to participate in research at the Air Force Weapons
Laboratory;

(2) To stimulate continuing professional association among the
Scholars and their professional peers in the Air Force;

(3) To further' the research objectives of the United States Air Force;

(4) To enhance the research productivity and capabilities of
Scientists and Engineers especially as these relate to Air Force
technical interests.

During the summer of 1984, 152 faculty members participated. These
researchers were assigned to 25 USAF laboratories/centers across the
country. This three volume document is a compilation of the final reports
written by the assigned faculty members about their summer research

efforts.
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S.D. School of Mines & Tech. Specialty: Geotechnical Engineering
Civil Engineering Dept. Assi1 : ESC

Rapid City, SD 57701

(605) 394-2443

Dr. Gloria Anderson ree: Ph.D., Chemistry, 1968

Chairman

Morris 3rown College
Chemistry Dept.
Atlanta, GA 30314
(404) 525-7431

Dr. Richard Anderson
Professor

University of Missouri
Physics Department
Rolla, MO 65401

(314) 341-4341

Dr. Deborah Armstrong
Assistant Professor

Specialty: Organic Chemistry
Assigned: RPL

ee: Ph.D., Physics, 1959
Specialty: Optics, Atomic and Molecular
Physics

Assiﬁg: APL

ree: Ph.D., Biopsychology, 1982
Specialty: Neurophysiology

University of Texas ASS1 : SAM
Life Sciences
San Antonio, TX 78285
(512) 691-4458
Dr. Francesco Bacchialoni ree: Ph. D., Engineering, 1946
- Associate Professor Specialty: Control Systems, Digital
a5 University of Lowell Signal Processing,
Dept. of Electrical Eng. Microprocessors
F"- Lowell, MA 01854 Assigned: GL
;l (617) 452-5000 ,
= pr. John Bahng ree: Ph.D., Astronomy, 1957
- Associate Professor Specialty: Astonomical Instrumentation, <
- Northwestern University Camputer Programming S
Dept. of Physics & Astronomy Assigned: GL sl
| @ Evanston, IL 60201 )
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List of Participants (continued: page 2)

Dr. James Baird ree: Ph.D., Physics, 1959
Professor cialty: Spectroscopy-laser,
Brown University Microwave

Chemistry & Physics Dept. Assigned: GL

Providence, RI 02912
(401) 863-3325

Dr. Mukul Banerjee Degree: ph.D., Animal Physiology,

Professor 1964

Meharry Medical College Specialty: Respiratory Physiology,

Dept. of Physiology Environmental Physiology

Nashville, TN 37208 Assigned: SAM
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Assistant Professor Astrophysics, 1980

Eastern Montana College Specialty: Infrared Physics and

Dept. of Physics ! Astrophysics
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Dr. Richard Bernhard ree: Ph.D., Operations Research,

Professor 1961

North Carolina State Univ. Specialty: Engineering and Managerial

Industrial Engr. Dept. Economics; Decision Anal.

Raleigh, NC 27695 Assigned: BRMC

(919) 737-2362

Dr. Albert Biggs Degree: Ph.D., Electrical Engr.,

Professor 1968
{ University of Kansas cialty: Microwaves and Antennas
3 Electrical Engr. Dept. signed: AL
- Lawrence, KS 66045
. (913) 864-4836
.
9 Dr. Louis Buckalew Degree: Ph.D., Phys. Psychology,
Associate Professor 1984
;;:j-;—} Alabama AsM University cialty: Physiological Psychology =
Dept. of Psychology signed: LMIC Ty
AN Normal, AL 35762 3
'O {205) 859-7451 - ,.'.1
[ =]
.- Mr. Mike Burlakoff ree: M.S., Math/Computer Science, L)
b Assistant Professor 1965
[ Southwest Mo. State Univ. cialty: Languages and Environments 1
NN Computer Science Dept. signed: AL ST
xg Springfield, MO 65804 R
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List of Participants (continued: page 3)
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Dept. of Ind. & Mgmt. Engr.
University Park, PA 16802
(814) 863-2358

br. Do Chang
Associate Professor
Averett College
Chemistry Department
Danville, VA 24541
(304) 793-7811

Dr. Huei-huang Chiu
Professor
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Dept. of Mechanical £ngr.
Chicago, IL 60680

(312) 996-3426

Dr. Philip Chong
Assistant Professor

Dept. of Industrial kngr.
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Mechanical Engr. Dept.
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Howard University
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Transitions

Assigned: AD

ee: Ph. D., Aeronautical Eng.,
1962
SEcialtx: Combustion, Fluid
Mechanics, and Propulsion

Assigned: APL

ree: Ph. D., Ind. Eng. amd
Operations Rsch., 1977

Specialty: Computerized Resource
Planning and Scheduling

Assigned: IMC

ee: Ph. D., Mechanical Engr.,
1978
Specialty: Heat Transfer, Fluid
Dynamics

Assigned: APL

ree: Ph. D., S0lid State

Physics, 1966
Specialty: Fiber Optics Sensors Ultra-
sound, Solid State £lect.

Assigned: FJSRL
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Dr. David Cohoon
Professor

Temple University
Dept. of Mathematics
Philadelphia, PA 19122
(215) 787-7284

Dr. Frank Colby, Jr.
Assistant Professor
University of Lowell
bDept. of Earth Sciences
Lowell, MA 01854

(617) 452-2551

Dr. Robert Colclaser, Jr.
Professor & Chairman
University of Pittsburgh
Electrical Engineer
Pittsburgh, PA 15261
(412) 624~5391

Dr. Gregory Corso
Assistant Professor
Georgia Inst, of Tech.
School of Psychology
Atlanta, GA 30332
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Dr. Robert Courter
Associate Professor
Louisiana State University
Mechanical Engr. Dept.

Degree:
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Ph. D., Mathematics, 1969
Partial Differential
Equations

SAM

Degree: Ph. D., Meterology, 1983
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Boundary-layer

. Meteorology

Assigned: GL

Degree: Ph. D., Sci., Elec. Engr.,
1968

Specialty: Higyh Power Arcs, Circuit
Breaker Design and Test,
Electrical Transients

Assigned: WL

Degree: Ph. D., Engr. Psychology,
1978

Specialty: Human Factors, Human
Performance

Assigned: AEDC

ree: Ph, D., Aerospace Ergr.,

1965
Specialty: Aerodynamics, Gasdynamics,
Blast Waves

A Baton Rouge, LA 70803 Assigned: AD

;-t {504) 388-5792

S Dr. John Cyranski ree: ph. D., Physics, 1974
':. Assistant Professor Specialty: Math. Physics and

= Clark College Information Theory
Physics Department Assigned: GL

o Atlanta, GA 30314

L (404) 681-3080

- Dr. Subramaniam Deivanayagam Degree: Ph. D., Industrial Engr.,
. Associate Professor 1973

University of Texas Specialty: Ergonamics/Human Factors
Dept. of Industrial Engr, Assig@: HRL/Wright-Patterson

o Arlington, TX 76109

:_‘.' (817) 273-3092
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Kent State University
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University of Dayton
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Ohio State University
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University of Vermont
Civil & Mech. Engr. Dept.
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signed: SAM
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signed: | FDL

Degree;: Ph. D., Civil Engineering,
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signed: ESC
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Specialty: Acoustic amd Experimental
Phonetics

Assigned: RADC

Degree: pPh. D., Cognitive
Psychology, 1977

Specialty: Cognitive Processes in
Perception, Human Learning
and Memory

Assigned: HRL/Mright-Patterson

Degree: Ph. D., Ceramic Eng., 1977
Specialty: Structural Ceramic

~ Wilkes College Materials, Electronic
A Dept. of Materials Engr. Ceramics, Microanalysis
b, Wilkes-Barre, PA 18766 Assigned: ML
f_.:-'_. (717) B824-4651
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PARCICIPANT LABORATORY ASSIGNMENT (Page 1)

1984 USAF/SCEEE SUMMER FACULL'Y RESEARCH PROGRAM

AERD PROPULSION LABORATORY
(Wright-Patterson Air Force Base) T

EJ, AN

1. Richard Anderson 6. Kakkattukuzhy Isaac
2. Huei-huang Chiu 7. Richard Miers e
3. Louis Chow 8. Paavo Sepri Te . o7
4, John Erdei 9. Richard Tankin
S. Dennis Flentge 10. Albert Tong
AEROSPACE MEDICAL RESEAR(H LABORATORY
(Wright-Patterson Air Force Base)
1. Gwendolyn Howze 5. Joseph Saliba
2. PRobert MacCallum 6. Robert Schlegel
3. William Norton 7. Robert Shaw
4. David Reynolds 8. Yin-Min Wei
ARMAMENT DIVISION
(Eglin Air Force Base)
1. Myron Calhoun 6. Charles Jones
2. Do Chang 7. Robert Kallman P
3. Robert Courter 8. William Pardo
4, Terrence Dwan 9, John Sheldon
5. Chen-Chi Hsu

ARNOLD ENGINEERING DEVELOPMENT CENTER
(Arnold Air Force Station)

1.
2.
3.
4‘

Gregory Corso
Doyle Hasty
Madakasira Krishna
M. Carr Payne, Jr.

AVIONICS LABORATORY
(Wright-Patterson Air Force Base)

1.
2.
3.
4.
5.
6.
7.

Albert Biggs

Mike Burlakoff
Ponald Greene
Paul Griesacker
William McCormick
James Patterson
John Swetits

BUSINESS RESEARCH MANAGEMENT CENTER
(Wright-Patterson Air Force Base)

1.
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Thomas Gulledge, Jr.
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. PARTICIPANT LABORATORY ASSIGNMENT (Continued: page 2)

E ELECTRONICS SYSTEMS DIVISION

1.
2.

. (Hanscom Air Force Base)

William Perrizo
Charles Spiteri

ENGINEERING & SERVICES CENTER
(Tyndall Air Force Base)

1. Annalingam Anardarajah 5. Datta Naik
2. Eric Drumm 6. Arthur Sterling
3. Paul Hoffman 7. Jimmy Street
4, Yong Kim 8. Martin Werner
FLIGHT DYNAMICS LABORATORY
(Wright-Patterson Air Force Base)
1. George Doyle 6. Meng Liou
2. Franklin Eastep 7. Don Mittleman
3. Albert Havener 3. Dale Moses
4, Mario Innocenti 9. Kuldip Rattan
5. Walter Jones 10, Hemen Ray
FRANK J. SEILER RESEARCH LABORATORY
(USAF Academy)
1. David Chung 5. Hendrik Hameka
2. Hermann Donnert 6. Richard Murphy
3. James Eberhart 7. Robert O'Connell
4, Larry Glasgow
GEOPHYSICS LABORATORY
(Hanscom Air Force Base)
1. Francesco Bacchialoni 8. Gabriel Kojoian
2. John Bahng 9, Nabil Lawandy
3. James Baird 10. Bernard McIntyre
4. Alan Bentley 11. Martin Patt
5. Frank Colby 12. Keith Seitter
6. John Cyranski 13. Ken Tomiyama

7. Peter Hierl

HUMAN RESOURCES LABORATORY/LRL
{(Wright-Patterson Air Force Base)
1. Subramaniam Deivanayagam
2. BEmory Enscore, Jr.
3. Sallie Gordon
4, William Kane, Jr.
5. Krystine Yaworsky

HUMAN RESOURCES LABORATURY/OTR
(Williams Air Force Base)
1. Arthur Harriman
2, David Kohfeld
3. Lowell Schipper
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PARTICIPANT [ABORATORY ASSIGNMENTS (Continued: page 3) P
‘:’:Tx"‘a
HUMAN RESOURCES LABORATORY/MO T e
(Brooks Air Force Base) T
1. Bruce Feiring SRR
2. Cynthia Ford Rt
3. David Lohman R
4, Robert Vance s‘:; o
HUMAN RESOURCES LABORATORY/ID <)
(Lowry Air Force Base) NS
1. Larry Reeker e
. S n 1 A~ ..-"
2. Stephen Wallace et
LEADERSHIP & MANAGEMENT NEVELOPMENT CENTER ?_A-i
(Maxwell Air Force Base) AR
= 1. Louis Buckalew ]
o 2. Charles Lardent L
3. Kevin Mossholder el
Ci —
" LOGISTICS COMMAND
[ (Wright-Patterson Air Force Base)
b 1. Kendall Nygard
i -'-.
- LOGISTICS MANAGEMEN! CENTER
" (Gunter Air Force Base)
1. Philip Chong

2. Bruce Janson
3. Evelyn Leggette

MATERIALS LABORATORY
(Wright-Patterson Air Force Base)

1. Charles Drummond, III 7. Ronald Kline
2. Delcie Durham 8. WwWilliam Kyros
- 3. William Feld 9. Larry Ludwick
- 4. Thomas Graham 10. James Schneider
L 5. Vijay Gupta 11. Isaac Weiss
-l 6. Vinod Jain 12. Chyang Yu

OCCUPATIONAL & ENVIRONMENTAL, HEALTH LABORATORY
(Brooks Air Force Base)

e

o 1. Stephan Nix

O

e ROCKET PROPULSION LABORATORY
(Edwards Air Force Base)
,!, 1. Gloria Anderson

2, E. Miller Layton, Jr.
e 3. Charles Mitchell
o 4. Howard Schleier
e 5. Brian Vick
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PARTICIPANT LABORATORY ASSIGNMENT (Continued: page 4)

ROME AIR DEVELOPMENT CENTER e
(Griffiss Air Force Base)
1. Adly Fam 6. Robert Jackson, Jr. R
2. Basil Gala 7. David Lai -
3. Barry Ganapol 8. Lonnie Ludeman -

4. David Gilliam 9. John Minor e

5. Brian Holmes 10. Johnny Wilson ey

ot

SCHOOL OF AEROSPACE MEDICINE s

(Brooks Air Force Base)
1. Deborah Armstrong 10. James Mrotek
2. Mukul Banerjee 11. Lena Myers
3. Jeya Chandra 12. Boake Plessy
4. David Cohoon 13. Walter Salters
5. Robert Dorman 14. Gordon Schrank
6. Edward Greco, Jr. 15. William Squires
7. Kent Knaebel ' 16. William Stone -
8. Raj Krishnan 17. William Thomas
9., Odis McDuff

(Kirtland Air Force Base) el

1. Robert Colclaser, Jr. !
2, Frederick Eisler: :&
3. Eddie Fowler ~
4, Arthur Kovitz Nt
5. Harold Sorensen RS
6. Alexander Stone R
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RESEARCH REPORTS

1984 USAF-SCEEE SUMMER FACULLY RESEARCH PROGRAM

vVolume I
Report
Number Title

10

n

Centrifuge Modeling of Structural
Response During Underground
Explosions~ a Preliminary Theo~
retical Feasibility Study

New Synthetic Techniques for
Advanced Propellant Ingredients:
Selective Chemical Transformations
and New Structures - Bis-
Fluorodinitroethylamino
Derivatives

Infrared Absorption Spectra of
Silane and Disilane

The Characterization of 14c-
Serotonin Uptake into Cerebellar
Glomeruli

Automatic Controller for Space
Experiments

Two—Color Refractometry for
Astronomical Geodesy

Long Wavelength infrared Emissions
fran a Recombining Oxygen Plasma

Development of a High Frequency
Lung Ventilation Model for
Testing Under Hypobaric Conditions

Astronomical Observations Using
the Imaging Camera of the Large
Aperture Infrared Telescope System

Some Recommendations for
Improvements in the Theory and
Practice of DoD Incentive
Contracting

Simulation of Radar Reception fram
Terrain and Airborne Targets

xxviii

Research Associate

Dr. A. Anandarajah

Dr. Gloria L. Anderson

Dr. Richard Anderson

Dr. Deborah L. Armstrong

Dr. Francesco L. Bacchialoni

Dr. John D. R. Bahng

Dr., James C. Baird

Dr. Mukul R. Banerjee

Dr. Alan F. Bentley

Dr. Richard H. Bernhard

Dr. Albert W. Biggs
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Number

12
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i 14
9
o 15
b
. 16
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- 19

20
21
22

23

24

25
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Title

USAF Spouse Survey: Theoretical
Model, Critique, and Revision

Ada Compiler Evaluation and
validation (E&V) Taxonomy

Software Drivers for the 2-204
Multiport Interface Card

The Analysis of a Single Base
in an Airlift Operation

The Roles of PEI as an Additive
in EAK

The Uniqueness of Phase Retrieval
from Intensity Measurements

Investigating the Potential

Application of an "Integrated"
Resource Management System to
Various Air Force Environments

Low Temperature Expandable Mega-
Watt Pulse Power Radiator

Experimental Evaluation and
Development of Components for an
Infrared Passive Laser Gyro

The Electromagnetic Pulse Response
of Structures with Frequency
Dependent Electrical Properties

Comparison Between Two Atmospheric

Boundary Layer Models: Second-Order

Turbulence Closure Versus Highly
Parameterized, Simplified Physics

A Study of the Shiva Star-Type
Inductive Pulse Compression System

an Identification of the Human
Limitations in the Control Room of
Wwind Tunnel 4T

Internal Flow Studies of a Class
of Ballistic Launchers

XXix

Research Associate

Dr. L.W. Buckalew

Mike Burlakoff

Dr. Myron A, Calhoun

Dr. M. Jeya Chandra

Dr. Do Ren Charg

Dr. Huei-huang Chiu

pr. philip S. Chong

Dr. Louis C. Chow

Dr. David Y. Chung

Dr., David K. Cohoon

Dr. Frank P. Colby, Jr.

Dr. R. Gerald Colclaser

Dr. Gregory M. Corso

Dr. Robert W. Courter
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Report
Number Title Research Associate
26 Dynamical Spectral Analysis for Dr. John F, Cyranski
Nonstationary processes
27 An Experimental Investigation of Dr. S. Deivanayagam
Human Torque Strength
28 Effects of Nuclear Radiation on Dr. Hermann J. Donnert
the Optical Characteristics of
Laser Components
29  Pnospholipid Metabolism in a Dr. Robert V. Dorman
Synaptic Membrane Preparation
Isolated from Cerebellar Cortex
30 A Review of Computer Simulations Dr. George R. Doyle, Jr.
for Aircraft-Surface Dynamics
31 Constitutive Modelling for Blast Dr. E. C. Drumm
Induced Wave Propagation
32 SiC Reinforced Glass-Ceramic Dr. Charles H. Drummord
Composites
33 Computer Simulation of TI-6AL~4V Dr. Delcie R. Durham
and Rene' 95 Disks for the T-700
Engine
34 Graphics Generation and Image Dr. Terrence E. Dwan
Enhancement and Restoration
Techniques
e 35 structural Modifications to Dr. Franklin E. Eastep
< Enhance the Active Vibration Con-
* trol of Large Flexible Structures
.-.jff 36 Wetting Behavior of Imidazolium- Dr. James G. Eberhart
b Containing Room-Temperature
L9 Molten Salts
- 37 The Emittance of Particle and Dr. Frederick R. Eisler
- Laser Beams and Measurement of the
- Angle Between Crossed Laser and
b Particle Beams to High Precision
[
[ 38 A Generic Logistics Model for Dr. E. BEmory Enscore, Jr.
= Evaluating Operational Readiness
. of a Weapon System
"v
b,
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Report N

Number Title Research Associate

39 Characterization of Turbulence Dr. John E. Erdei P“_"-.'ff
Through Methods of Field Theory e
40 Issues in High Throughput Dr. Adly T. Fam \
Signal Processing L
o
41 Upgrade of Policy Specitying Dr. Bruce Feiring 'j-"*fi
42 New Phenoxy Substituted Dr. William A. Feld 0
Dianhydrides R
43 Cyclic Voltammetric and Cobra Dr. Dennis R. Flentge s
Analysis of Synthetic Lubricant .
Degradation S

44 Gender Differences on Subtests Dr. Cynthia A. Ford o

of the ASVAB and the Relationship
Between ASVAB Subtest Scores

and Psychological/Social
Variables for Males and Females

45 Communications Network Dr. Eddie R. Fowler
Simulation Topics

46 Nonparametric CFAR Detection of Dr. Basil E. Gala
MTI Radar Signals in Heavy
Clutter

47 Benchmark Solutions for the Dr. Barry D. Ganapol

Spencer-Lewis Equation
Describing Electron Transport
in an Infinite Medium

48 Electromagnetic waves in a Dr. bDavid S. Gilliam
Disturbed Atmosphere Environment
49 Alternative Computational Dr. Larry A. Glasgow
Methods for Separated Flows on
Pitched Airfoil ) L B AT
. . /', ; ) b . - R r/
Volume II
-+ ', 50 ,Manual and Computer-Aided Dr. Sallie E. Gordon
Sequential Diagnostic Inference-
51 Angle Resolved Ion-Scattering Dr. Thomas P. Graham _
Spectroscopy+a Feasibility Study - _-‘_.‘.{3
52 Electrogastrogram and its " Dr. Bdward C. Greco, Jr. 4
Effectiveness in Evaluation of RO
Motion Sickness -/ o ]
s . "
xxxi : .;::..:f;
e
i

e e e




Resonance Coupling Constants )

Report
> Numoer Title Research Associate
[ - 53 Far-Infrared Absorption Dr. Ronald L. Greene

- Profiles for Shallow Donors

: in GaAs-GaAlAs Quantum Well

Structures; /- -

N 54 —Digital Signal Processing Dr. Paul B. Griesacker
Approaches for Analysis and
o Evaluation of Communication

N Systems
. 55 Production Rate Variations Dr. Thomas R. Gulledge, Jr.
: Cost Models .

. 56 ~ Thermal Stability Characteristics Dr. Vijay K. Gupta
of Silahydrocarbons B .

57 Calculations of Electron Spin Dr. Hendrik F. Hameka
£

58 Effects of Pyridostigmine on , Dr. Arthur E. Harriman
Performance of Mission-ready
Pilots in the OT Simulation
Facility)-

‘ 59 Propulsion Facility Planning Dr. Doyle E. Hasty
: for Test Information Productivity

> : Improvement with Emphasis on Data

- Measurement Uncertainty in the

Engine Test Facility K .

: _ :
o 60 A Study on-Point Diffraction Dr. A. George Havener
; Interferometry Plus Holographic

Measurements of a Turbulent

- Boundary Layer on a Roughened

Wind Tunnel Wall y

61 Effects of Temperature ard Dr. Peter M. Hierl
4 Reactant Solvation Upon the

Rates of Gas-Phase Ion-Molecule

Reactions -

R 62 A Monte Carlo Sampling of BDR Dr. Paul C. Hoffman
Times

63 Bismuth Silicon Oxide: Sample Dr. Brian W. Holmes
Variability Investigated with
Thermally Stimulated Conductivity
and Thermoluminescence

xxxii
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Report
Number Title Research Associate
64 Comparison of Periosteums Dr. Gwendolyn B. Howze
from Femur and Vertebral Bone N
9
65 On a Thin-Layer Navier-Stokes Dr. Chen—Chi Hsu -
Code and Transonic Projectile
Aerodynamics
66 Effect of Display Dynamics in Dr. Mario Innocenti
Manual Control Tasks
67 Computational Study of Ramjet Dr. Kakkattukuzhy M. Isaac
Compustor Flowfields
68 Numerical Characterization of Dr. Robert W. Jackson, Jr.
Microstrip Discontinuities on
. Thick Substrates
[
- 69 Advanced Physical Modeling/ Dr. Vinod K. Jain
‘.'* Wedge Test Development
o 70  Development of a Vehicle Fleet Dr. Bruce N. Janson
- Analysis System
-
A 71  photographic Emulsions for Dr. Charles R. Jones
P Preparation of Holographic Filters
72  Fracture Behavior of Cross-Ply Dr. Walter F. Jones
- Graphite/Epoxy Composite Laminates
:j 'ij.. 73 The Optimal Construction of Robert R. Kallman
- Synthetic Discriminant Functions
p for Optical Matched Filters
’.':_'_'.'A-f‘ 74 Stress and Aircraft Maintenance Dr. William D. Kane, Jr.
o Performance in a Combat
- Enviromment
3
. 75 Finite Element Analysis of Dr. Yong S. Kim
i Certrifuged Concrete Culverts
P'-;‘_
tf- - 76 Acoustic Emission in Composites Dr. Ronald A. Kline -
- S -
o 77 Process Configuration Alternatives Dr. Kent S. Knaebel -
:" ; for Separation of Gas Mixtures - d
e by Pressure Swing Adsorption —
- 78 The Distributional Analysis of Dr. David L. Kohfeld RO
p s 0 LT
b Contrast Sensitivity Measures o
p. N
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Report

Number Title Research Associate
79 The Relation Between dard Dr. Gabriel Kojoian

X-Ray Bursts and Type II
Radio Emission

80 Thermal Layer Development Dr. Arthur A. Kovitz )
with Energy Flux at the ®
Ground/Air Interface

81 Computational Fluid Dynamics Dr. Madakasira G. Krishna
Grids-Flow Properties Inter-
pretation Algorithm

82 Development of an Optical Dr. Raj. M. Krishnan
Multichannel Analyzer System

83 Interlaminar Shear Testing Dr. William Kyros
of Carbon/Carbon Composites

84 Two-Dimensional Median for Dr. David C. Lai ' —
Image Preprocessing in Machine T
Recognition SRS

85 Psychological Correlates of Dr. Charles L. Lardent, Jr. e
Physiological Indicators of RN
Stress-Related Disorders: A » P

- Search for Structure and

- Relatedness

- 86 Ootical Bistability with Liquid Dr. N.M. Lawardy
3 Media: Experimental Studies and
‘ Theoretical Predictions
]
X
y
¢

87 Survey of High-Energy Molecular Dr. E. Miller Layton, Jr. \
Systems
88 Rewrite of ArM 28-345 Dr. Evelyn J. Leggette

89 Numerical Simulation of a Dr. Meng-sing Liou
Supersonic Inlet Flow

90 Information Processing Analysis Dr. David F. Lohman
of Spatial Synthesis and of the

. Relationship Between Learning

and Intelligence

v v

(
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91 Suboptimum Extrapolation for Dr. Lonnie C. Ludeman N :_l';-jf
Spectral Estimation

I S

At
am

XxXxiv

Ty T

M P A

v
0




Title

Silane-Treated Silica Fillers
for Elastomer Reinforcement

The Application of Structural
Equation Modeling to
Experimental Data

The use of the Instantaneous
Frequency Transient in the
Desiyn and Optimization of
the Channelized Receiver amd
Instantaneous Frequency
Measurement (IFM) Versions of
the Passive EW Receiver

Techniques for Ultra-Short
Pulses in Nd:YAG Lasers

Plasma Generation and
Diagnostics for Ionospheric
Plasma Simulation

Spectroscopic Studies of
Thyratron Discharges

On Interfacing Logic Programming
Systems and Relational Databases

I1I

gvaluation of Models for Liquid
Propellant Rocket Combustion
Instability

Large Space Structure Dynamic
Testing

Acquisition of Wind Tunnel
Wall Pressure Distributions
for use in Developing A 3-D
Transonic Wall Correction Code

Leadership Effects as Measured
by the Organizational
Assessment Package: A Multi-
level Perspective

Raman Spectroscopy of Unstimulated
and Stimulated Cultured Normal and
Neoplastic Human or Mammalian
Cells

Research Associate

Dr.

Dr.

Larry M. Ludwick

Robert MacCallum

William S. McCormick

Odis P, McDuff

Bernard McIntyre

Richard E. Miers

John T. Minor

Charles E. Mitchell

Don Mittleman

Dale F. Moses

Kevin W. Mossholder

James J. Mrotek
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a Number Title Research Associate
: 104 Preliminary Monte Carlo Dr. R. D. Murphy
[ Studies of the Structure of
> Molten Salts
L'w
b 105 Military Family Stress Dr. Lena Wright Myers
106 Air Oxidation of Hydrazine - Dr. Datta V. Naik

o A Kinetic Study

107 Conceptual Design of the USAF Dr. Stephan J. Nix
Installation Restoration
Program Information Management
System

108 The Cytotoxic Effects of Dr. William N. Norton
Trimethylpentane on Rat Renal
Tissue

rj 109 Computer-Based Optimization Dr. Kendall E. Nygard
: Algorithms for LOGAIR Cargo
Allocation

110 Laser Damage Studies in Dr. Robert M. O'Connell
purified and Plasticized
Polyakylmethacrylates

111 Experimental Physics Aspects Dr. William B. Pardo
of the AFATL Railgun Effort

112  Analysis of the Validity of Dr. Martin A. Patt
Barnes Transmissometer Data

113  Permanent Periodic Magnets and Dr. James D. Patterson
the Reproducibility of
Traveling Wave Tubes

114 Operator Activities in Wind Dr. M. Carr Payne, Jr.
Tunnel 4T
115  Future Tactical Air Control Dr. William Perrizo

System Database Design

116  Raman Spectroscopy of Dr. Boake L. Plessy
Glycosaminoglycans from
Bovine Cornea

117  Study of Control Mixer Concept Dr. Kuldip S. Rattan
for Reconfigurable Flight
Control System
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118

119
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X 129
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Lh 131
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Title
Analyslis of Armor Bracketry

Artificial Intelligence amd
Computational Linguistics
Research

Mathematical Modeling of the
Human Cardiopulmonary System

Nonlinear Modeling of Seat
Cushions

The Relationship of Fibrinogen
and Plasma Lipids to Bubble
Formation at the Air Interface
During Decompression Sickness

N/A

Evaluation of Training Performance
for the USAF Criterion Task Set

Regenerative ileat Transfer in an
LSSCDS Engine

Raman Spectroscopy Studies of
Extrinsic P-Type Silicon

Bacteriologic Techniques for the
Isolation and Identification of
Legionellae

A Three-Dimensional Radiation
Boundary Condition for Mesoscale
Numerical Models

Calculation of Enhanced Heating
in Turbulent Boundary Layers
Influenced by Free Stream
Turbulence

An Adjoint Systems Approach to
Learning and Transfer of Training

The ‘fheory of Self-Heating
Phenamena in Explosives with
Applications to EAK

Xxxvii

Research Associate

Dr.

Hemen Ray

Larry H. Reeker
David B. Reynolds
Joseph E. Saliba

Walter L. Salters

Lowell Schipper

Robert E. Schlegel
Howard Schleier
James Schneider

Gordon D. Schrank

Keith L. Seitter

Paavo Sepri

Robert E, Shaw

John W. Sheldon
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Report

Number

132

133

134

135

136

137

138

139
140

141

142

143

Title

The Development of
Computational Efficiencies in
Continuum Finite Element Codes
using Matrix Difference
Equations

Base Comnunications Architecture

Security Issues

Cardiovascular Responses of
High- and Low-Fit Men to Head-
Down Rest Followed by Ortho-
stasis and Exercise

Recommendations on Combustion
Research at Tyndall Air Force
Base, Florida

Electromagnetic Lens Design
Techniques

The Role of Antioxidant
Nutrients in Preventing
Hyperbaric Oxygen Damage to
the Retina

Naphthalene Adsorption by
Florida Soils

An Optimal Trajectory Problem

The Role of Vortex Shedding in
a Bluff-Body Combustor

An Investigation of
Acetylcholine as a
Neurotransmitter of Cerebellar
Mossy Fibers

Unified Real Part of
Susceptibility over Millimeter
through Infrared Region

Numerical Modeling of Multi-
phase Turbulent Recirculating

Flows in Sudden-Expansion Ramjet

Geometry

Xxxviii

Research Associate

Dr.

Dr.

Harold Sorensen

Charles J. Spiteri

William Squires

Arthur M. Sterling

Alexarder P. Stone

William L. Stone

Jimmy J. Street

John J. Swetits

Richard S. Tankin

William E. Thomas

Ken Tomiyama

Alpert Y. Tong
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Title

Development of Three
Covariance Structure Models
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MANUAL AND COMPUTER-AIDED SEQUENTIAL

DIAGNOSTIC INFERENCE

by
Sallie E. Gordon

ABSTRACT

It is becoming increasingly obvious that computerized automation
can be a useful aid for a wide variety of positions in the Command and
Control network, where many of the tasks involve situational assessment
or "diagnostic inference'". To optimally combine human talent and
computer-aiding systems we must know how the human operator performs
the task unaided (and under what circumstances), what subtasks can be
allocated to the machine, and what variables affect operator acceptance
of the aiding system. This paper presents a theoretical model of the
human performance of a diagnostic inference task when unaided by machine
including the variables affecting those inference processes, and a
preliminary model of how a computer-aiding system might be expected to

fit into the diagnostic system.
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I. INTRODUCTION:

It is becoming increasingly obvious that computerized automation
can be a useful aid in a wide variety of positions in the armed services.
This is especially true in the world of Command and Control (Cz) where
much of the work involves complex situational assessment or ''diagnostic
inference'". As technological complexities increase, the human operator
will have a more difficult time trying to understand, integrate, and
utilize the information made available to him. In contrast to man's
limited cognitive capacities and well-documented biasesl’2 a computer
can utilize and aggregate large volumes of information using pre-
determined optimal strategies that are most appropriate for the situation
at hand. It is no longer a question of whether computer aiding will be
used, but how it will be used.

Just as there are problems inherent in using a completely ''manual”
system to perform a function, there are also problems in using a com-
pletely "automated" system. These problems have been discussed in length
elsew'here,z’3 but let it suffice to say that at the current time expert
systems are not sufficiently advanced to make automated systems infall-
ible or able to deal with the multitude of unforeseen occurances that
are likely in the C2 environment.

Since neither man nor machine are solely capable of performing
situational assessment functions, the solution lies in using both together
and relying on the strengths of each (hopefully also minimizing the
weaknesses of each). To integrate man and machine successfully for a
given task, one must understand how the human perceives and performs the
task, how the machine can be programmed to perform the task (or parts of
the task) and then analyze the best way to fit the two together. 1In the
procurement cycle, a common method for developing a computerized aiding
system is to intuitively develop a software system that seems like it
could do the job. Little attention is paid to analysis of the entire
task and what subtasks could be best performed by the man and which are
best left to the machine (a few exceptions do exist). Consideration
is usually not given beforehand to how the operator will react to the
aiding system, nor to what variables will lead to his acceptance or
rejection of the new system. Instead, an automated system is designed
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and a prototype built. Any modifications necessary to make the system
compatible with the operator are usually done after this point. This
leads to only those changes that seem absolutely necessary and the result
is an overall man-machine system that is much less effective and effi-
cient than what could have been achieved.

Part of the problem outlined above results from our inadequate
knowledge concerning three vital questions: (1) How does the human
operator perform the assessment task when unaided by automation? (2) What
subtasks are best performed by the operator and what subtasks are best

performed by the automation device? (3) What factors determine operator

acceptance and use of the automated system? The first question (how the
operator performs the task) may seem unnecessary to some. However, we h'f;;
do need this information because it directly affects the answers to the ;ft“:‘
second and third questions. That is, if we know how the operator per- ; -

forms the task (not how he differs from some theoretically optimal

strategy) we can determine specifically what capabilities he has that
we want to preserve in determining the optimal man-machine subtask ?f:¥}
allocation. In addition, one can argue that how the operator performs . -
the task will largely affect his acceptance of the automation. If the
automation is extremely different from or incompatible with his way of
perceiving and accomplishing the task, then he will be less likely to
accept and use that automation.

The theories and methodologies of cognitive psychology can be
brought to bear on this problem. By mapping out the cognitive processes
or strategies that are used by the perceiver under various situational

constraints, we can then measure how those processes change as a function

of providing a computer aiding system.

I1. OBJECTIVES: - }ff

The primary objective of this effort was to develop a predictive :ﬁvjfj
model of the diagnostic inference task, and how that task would be (]

affected by implementation of an automated system. This objective in-

cluded the following specific goals:

(1) Develop a descriptive model of the inference task that char-

acterized inference tasks in the C2 system and would be amenable
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to laboratory research.

(2) Determine appropriate techniques for measuring process and
performance in the inference task.

(3) Determine a preliminary set of independent variables expected

to affect the inference process (and performance).

(4) Develop a predictive model of the effects of automation on

the operator's inference processes.

e I. ""

Accomplishing these goals would serve two purposes: provide guidance to

L e o

researchers at AF Human Resources laboratory concerning variables of

critical interest in related field research, and provide a framework for
follow-on laboratory research designed to answer some of the questions

outlined earlier.

.
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I1I. DESCRIPTION OF THE INFERENCE TASK:

Diagnostic inference will be defined as the process of using avail-
able cues to determine the uderlying or "unseen" cause of those cues. An
example is medical diagnosis where the doctor must infer a disease

causing some set of symptoms. If the available cues are very informative,

W

the inference will be accurate and made with a high degree of con-

B
v oy

s
P

.

fidence. However, it is often the case that the cues do not convey

A a4
LN I |
»

-
.
e
P

enough information and the inference task takes place amid psychological

v
v

uncertainty.

R In the past, most research addressing this type of task assumed

e

a "single-stage'" process, where the perceiver received the cues and
somehow aggregated or operated upon the information and derived a

n judgment. This was a popular view for some time, partially because

g!f it was amenable to laboratory experimentation and formal mathematical

;=? description and analysis.“ Two approaches were common; the first was

f;?: to develop a formal mathematical model (such as Bayes Theorum) to specify
; : optimal performance and then fit that model to data obtained with human
,!.4 subjects.5 The other approach was to use linear regression models to

tf; assess how the subjects were combining or utilizing the cues in gener-

F; ating the inference.%:7 Research questions addressed in these studies

b included such topics as, what cues are predominantly utilized by peop1e7,
8 4 how many dimensions or cues are used for various tasks and are they the
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same as in the '"real world" 8, and whether experts cluster or weigh cues
in a similar fashiong'lo.

The appropriateness of these models has been debated recently and
this issue will not be discussed in length. However, two points will
be reviewed. The first is the criticism that most laboratory inference
tasks involve simultaneous and orthogonally manipulated cues. This cue
independence is seen as being highly artificial and unrealisticll,

Since humans develop cognitive skills to deal with a real, complex
world, it is not surprising that they perform "suboptimally' on these
inference tasks where no intercue correlations are preserved.

The second criticism with these approaches suggests that we should
treat the inference task not as a single-stage process but as a multiple-
stage process.12 This is not to say that the reception vs. the integra-
tion of cues are different stages, but that the acquisition of cues or
characteristics takes place over time and that this process should be
reflected in the theoretical models.

In line with these criticisms and recent views in cognitive psycho-
logy, it will be assumed that the inference task of interest takes place
in a complex situation where the perceiver must sequentially seek
information to make the inference judgment. In addition, that information
is typically incomplete and varies in it's diagnosticity. The perceiver
starts with one or two cues and then searches for others to either confirm
hypothesized causes or suggest new ones. The inference process is viewed
as a "constructive" process, much like building a jigsaw puzzle. One
does not need all of the pieces to be able to infer the nature of the

picture, instead the ability to draw the inference will depend on the

combined information provided by the pieces put together.

In psychological terms, the perceiver uses both Conceptually-
Driven processing (where the hypothesized cause suggests cues to seek)
and Data-Driven processing (where cues suggest plausible hypotheses).
The cyclic procedure continues until the perceiver exceeds some cert-
ainty criterion that he/she knows the identity of the cause. In some
cases, a lack of information will prevent that criterion from being

reached at all.
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!! IV. MEASURING PROCESS AND PERFORMANCE: NEN
‘L_ It was suggested that the inference judgment is constructed over . 1
- time as information is acquired. This implies that it is important to ]
measure the process by which the perceiver 1s coming to a conclusion ; ,'>%
E as well as to measure performance per se. Each of these issues will be ‘ 3
addressed in turn. e s
A. PROCESS Ff“id
Several methodologies for measuring judgment or decision "process"” _,.i;
have been suggested. Payne13 is a predominant supporter of two of v {
these methods known as process tracing. The first method is a class of ;Q
measurement techniques where the subjects' information acquisition is ‘ 'f
monitored. The subject must view or select information in such a way . ';j
that can easily be observed and recorded. Data is obtained concerning Ef“ff
what cues the subject samples, in what order, how many are sampled, and o
the amount of time for the cue sampling. '_'.i
The other method of process tracing is the collection of verbal L
protocol. 1In this technique, the subject is simply asked to "think ;":J
out loud" as he/she performs the task. Although this type of data can :;:j i
give us insight into the subject's strategies, it cannot be assumed that - A
the subject will always verbalize the cognitive processes as they occur. _ i:
After assessing the various process measurement techniques, a method AR
was decided upon which seems most suitable to an inference task. The !htrfg
inference is actually a classification task where the perceiver must '}:
choose between class A, class B, class C, and so on (also possibly ~fq
"none of the above''). The process measure being suggested consists of '_q

two aspects:

(1) Allowing the subjects to acquire whichever cues they desire
until they feel reasonably confident in their choice (this is similar

to the previcusly described information acquisition measure), and

(2) Asking the subject after each cue acquisition to give the

% hypothesized cause(s) along with a subjective certainty rating (i.e., )
fﬁ. l=not certain at all, 7=extremely certain). An example of these .
] *4 -_
t’~ measures will be presented shortly. s
v B. PERFORMANCE P
}!’ R
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In addition to studying cognitive processes or strategies engaged
in by the perceiver, it is informative to determine how well the operator
is able to infer the cause of the cues. The most appealing measures
are suggested by Signal Detection Theory (SDT) because it allows for
separate measurement of discrimination capabilities and subjective bias.l4
However, SDT cannot at this time be applied to more than a two-category
(Signal-Noise) task. Swets and Pickettl? discuss the problem of multiple
category discrimination and suggest using % Correct as a reasonable
solution. This is justified because the inference task for multiple
causes is actually conceptually similar to a forced choice task. It was
therefore determined that % Correct could be used as a performance
measure in the diagnostic inference task.

To summarize the inference task and associated measures of process
and performance:

- the subject is given an initial cue

- the subject verbalizes one or more hypotheses along with a

certainty rating
- the subject samples a new cue of his/her choice
- the subject verbalizes revised hypothesis(es) along with new
certainty rating

(continues until subject exceeds some subjective certainty
criterion)

An example of data collected from a subject is given below:

class A class B Neither
Cue 1 1
Cue 2 2 2
Cue 3 4
Cue 4 7

It can be seen that after the first cue sampling, the subject hypothesized
class A as the cause. However, after receiving additional cues, the
hypothesized cause was switched to class B with increasing certainty.

To determine performance (% Correct) from the data, a cutoff point

50-9
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must be chosen for the certainty scale. For example, correct might be
arbitrarily defined as '"four and above'". 1If the correct answer for the
example was class B, the subject would be scored as "correct"” on only
the last observation given above. The advantage of this method is that
accuracy of the inference can be assessed without the subject having to
make a strictly Yes-No decision (this is a way of "setting' the subject's
decision criterion). With this method of data collection, it is possible
to measure a variety of process and performance variables as the subject
samples the information:

(1) information sampled

(2) hypotheses generated

(3) hypothesis transition (when do they give up and generate another)

(4) subjective certainty criteria

(5) accuracy

C. FEASIBILITY STUDY

A pilot study was conducted during the Summer Feliowship period to
determine the appropriateness of the above variables. Eight subjects
(students at Wright State University, Dayton, Ohio) received course credit
for participating in the study.

Subjects were first given fictitious names of two diseases along with
eight case studies for each disease. The case studies were described in
terms of patient initials, occupation, and a set of symptoms that varied
in number from three to seven. There were eight total symptom dimensions
(such as blood pressure, weight loss, etc.). Four of the dimensions were
strongly associated with disease A, and the other four were strongly
associated with disease B. However, there was some overlap of symptoms
across diseases. After subjects reported that they were familiar with
the disease characteristics (approximately 15 minutes), they were given
32 new case studies to diagnose. For each one, they were presented with
a 3x5 index card with initials, occupation, and one symptom. They were
also presented with seven other cards with a symptom dimension (e.g.,
"blood pressure') labelled on one side., They were told to turn any card
over that they wished, and after each one to tell the observer their
hypothesis and certainty rating. Data was collected corresponding to

the example shown previously.
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Based on the theoretical considerations outlined earlier, two
effects were expected:
(1) The certainty ratings would start low and slowly increase
until some criterion was reached - at this point subjects would
discontinue information acquisition.
(2) The % Correct would be a positive function of the number of
symptoms sampled on a given trial.
Data relevant to the first hypothesis are presented in Figure 1. It can

be seen that certainty ratings did in fact start relatively low and

increase over cue samples; the rate of increase was highest for trials
where subjects only sampled 4 cues, and lowest for trials where subjects
sampled 8 cues. Notice that for trials where all symptoms were utilized,
the certainty rating never reached a level equal to the other trials.
That is, a subjective certainty criterion of approximately 5 was exceeded
in all but those trials where subjects simply did not have enough infor-

mation to generate an inference with any degree of confidence.

7 =
6 -

oy

e 31

o4

o]

-

3

S 4

v

2

L 3 4

o

LY

—

£

3 24
l -

L] 1] L] R v ¥ ] AJ el

Number of Cues Sampled

Figure 1. Subjective Certainty as a Function of Cues Sampled
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This pattern in the Certainty data is consistent with the Accuracy
(% Correct) data shown in Figure 2. A liberal cutoff was arbitrarily

chosen so that 'three and above" for the Certainty rating was considered

:
g

a "correct" answer. Even still, the scores were not remarkably high
(mean % correct for all trials was .66). This would indicate that subjects
were not able to completely learn the correct structure of the disease-
symptom associations. Performance varied widely from subject to subject,
with a range of .50 to .97 for the eight subjects.

Figure 2 shows that subjects' perceived uncertainty had some basis,

performance decreased as the subjects utilized a greater total number

of symptoms. Interestingly, both data sets show the same pattern of

1 an increase in accuracy and subjective certainty for trials where

seven cues were sampled. Additional studies will be conducted to deter-

fi mine whether this effect still holds for larger sets of data.
)
; .90 4
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.70
> .604
]
=
2
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2
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Figure 2. Accuracy as a Function of Cues Sampled.
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It can be seen from the data collected thus far, that the process

and performance measures are appropriate for the task and yield a rich

variety of information concerning the perceiver's strategy. (It should

be noted that additional more fine-grained analyses are planned.)

V. VARIABLES AFFECTING THE INFERENCE PROCESS:

Inference process and performance are each affected by various

s 4 1

.-.xj': e
. PRI R
-l ' RLINE R

*

situational constraints, These include characteristics of the perceiver,

" e a4

of the task, and of the situational environment from moment to moment.

A real world illustration of this complex situation will be described as
a way of introducing situational constraints which affect process and
performance variables.

An important inference function within the C2 network is that of

L o am o oo
(R

the radar operator (and/or officer) who must determine the identity of

aircraft showing up on the radar scope. This person receives a "track"

TTar

RamiC Sl g 2o
)

A on his scope and must "infer” the identity of the aircraft using

R auxillary pieces of information or "cues'". These pieces of information
i include Flight Plan Data, Special Codes emitted by the aircraft (friendly
aircraft), speed, heading, electronic emissions, intelligence data, and

possibly visual identification information. Some of this information

< will be quite diagnostic (i.e., the Code), while others will not be

ua particularly diagnostic (speed or heading). Given enough time, the
operator could identify almost any track - if nothing else he could send

someone up to look at the aircraft. The problem is based on the fact that

the operator officially has two minutes maximum to identify the aircraft.

In addition, sending someone up for visual identification is very

costly. In wartime conditions, the operator will have to identify many

.

Q}. tracks in a very short period of time.

;5; A preliminary list of variables was developed that are considered
::i. most important in determining the operators performance (as defined by
']i accuracy). These situational constraints are shown in Figure 3; for

if: example, '"time stress' is a variable that will negatively impact

ii: performance. Time stress will be determined by the number of tracks the
ik: operator has to identify, how far awav the aircraft are from important
I locations, and the alert status at the time (i.e., white, yellow, or red
:-!f alert).

n 50-13
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Figure 3. Variables Affecting Operator Performance

The same variables are assumed to also impact the process of

generating an inference. Time stress will result in fewer cues considered

.h

o
A
.
§
!

¢

a

and a lower subjective certainty criterion (point where the perceiver

.-

is willing to stop collecting data). Time stress is also expected to

decrease the number of hypotheses generated and considered during the

:':j;.':: inference process.

o Suspiciousness of the aircraft travel will increase the likelihood
f of an enemy aircraft being hypothesized, resulting in cues being sampled
F. which will confirm (or disconfirm) that hypothesis. Diagnosticity or

predictive validity of the cues will result in a need to sample fewer
PR cues and a higher subjective certainty concerning the inference. Finally,
operator experience is assumed to enhance the inference performance, but

.’ it is not totally clear how that variable will impact the process.
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VI. IMPACT OF AUTOMATION:

Before discussing the impact of implementing a computer aiding
system, it is necessary to define the nature of the automated system.
Several researchers have developed taxonomies of types of automation,16

most are admittedly imprecise. For the present purposes, a continuum

will be assumed with a completely manual method of task accomplishment at
one end and complete automation at the other end of the continuum. An
example of this type of continuum is shown in Figure 4. One of the more
prevalent types of automation is given on the far right of the scale,
that is, the computer completely performs the task and provides an
"answer”" to the operator who then decides if he/she wants to believe and
utilize that answer. This type of automation is currently being planned
for the radar identification task described earlier. A predictive model
can be outlined at this point describing the impact of implementing

this type of automation. First, we can say that most of the variables
expected to affect the human perceiver will probably not affect the

performance of the automated system. Thus under conditions of stress, the

human performance will deteriorate while the machine performance will not.
The only variables expected to affect the machine performance will be

the characteristics of the cues themselves (see Figure 5). This puts the
operator in the place of deciding whether to "trust" the machine knowing
that the machine can perform the task more quickly and objectively in
times of duress. His decision to use the answer provided by the system
will depend on how much time he has, the seriousness of the consequences,

and the nature of the information (i.e., is it suspicious activity?).

In addition, his decision to use the answer provided will strongly
depend on his feelings of his own ability vs. the history of the machine
reliability and accuracy. If the machine has a relatively low "hit

rate", he will be more inclined to consider it worthless and go mostly

on his own judgment. :

An interesting point which should be considered is the possibility i'
that the operator might treat the answer provided by the machine as just :}
"another cue". Rather than determining his inference based on the

standard set of cues and then comparing this with the automated choice,

the operator may just use that choice during the inference process

treating it as he does all of the other pieces of information.
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VI. RECOMMENDATIONS:

The previous section outlined hypothesized effects of situational

," ’. f: -.—".4

constraints upon inference process and performance. In addition, a

preliminary predictive model was constructed relating the implementation

..' 7"

of an automated subsystem within a "manual" inference system. The
relationship between the variables need to be empirically obtained to
confirm the theoretical assumptions.

I propose to do this by developing a laboratory inference task that
has the characteristics outlined earlier (complex, sequential cue
acquisition, etc.). This inference task will be run on a computer ter-

minal so that the subject can request cues and respond with hypotheses

and certainty ratings. This will allow collection of data relevant to

the process and performance variables outlined previously.

.‘,‘

Li For assessment of the processes used in a manually performed in-

j >

o ference task, situational constraints will be manipulated and their

:i effects on process and performance variables measured. This will allow
.

determination of what processes are utilized under various task condi-
tions.

A second phase of the follow-on research will be to provide the

subject with a computer aid. This will be a simulated computer aiding

b system because the answer to be given to the subject will be predetermined

by the Experimenter. In this way, the accuracy of the answers provided
to the perceiver can be manipulated as an independent variable. It is

expected that as accuracy of the automated system increases, the use

of the machine will also increase in an exponentially increasing fashion.
- Situational constraints will also be varied similarly to the design

used in assessment of the completely manual inference process.
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ANGLE RESOLVED ION-SCATTERING SPECTROSCOPY-

.. . A FEASIBILITY STUDY

by

Thomas P. Graham
ABSTRACT

An angle resolved ion-scattering system was assembled, tested and
calibrated. The system performed well in both the constant transmission
mode and the sector sweeping mode. Samples of gold, GaAs coated with
gold and GaAs were studied using helium, neon and sodium ion beams
accelerated to a number of different voltages. Angular studies were
carried out over a limited range of angles. Good agreement was obtained
with available theory in most cases. A number of deficiencies of the
system were discovered and suggestions are made to remedy them.
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I. Introduction:

The characterization of the surface properties of electronic
materials is a very important requirement for the successful design of
semiconducting devices for a number of Air Force programs. At present
there 1is a particular interest in GaAs for use in detectors and FET
devices. The characterization includes quantitative and qualitative
determination of surface species as well as surface structure.

Ion scattering spectroscopy (ISS), the scattering of low energy
ions in the range of 0.2 to 10 kev, exhibits excellent surface
selectivity. The ion scattering that results is attributed to scattering
from the first one or two surface layers of the sample. This selectivity
arises from: (a) large scattering cross-sections which leads to
depletion of the ion beam as it enters and leaves the solid, and (b) to
a neutralization effect whereby ions penetrating beyond the first layer
of atoms at a solid surface are neutralized very efficiently.1

When a beam of accelerated ions strikes a crystal surface, each
encounter between a projectile ion and a surface atom can be described
in terms of an elastic binary collision. Under certain circumstances
multiple scattering, blocking, shadowing and channeling effects become
important. The energy of an ion making an elastic collision, expressed
as a ratio of final energy,E1 to initial energy, E0 is determined from
energy and momentum conservation to be:

£ /Eq = [”12/(”1+ Mz)z][coseL + m2m 2 - sin29L)1/2]2 (1)

Here M1 is the mass of the incoming ion, M2 the mass of the target atom
and eL the Tlaboratory scattering angle. By measuring the energy
distribution of the scattered jons, the elements in the region of impact
can be detemined.1

While 1SS 1is wused routinely for elemental characterization,
interest has grown in recent years in using angle resolved ion
scattering (ARISS as it is called by some groupsz) to determine surface

structure often in conjunction with LEED measurements. Analysis of
51-4
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multiple scattering effects and of shadowing and blocking effects can be
used to construct models of the surface. When multiple collisions occur,
shoulders or peaks occur at energies greater than that of the binary
peak for a given element. Since different collision sequences lead to
different final energies, knowledge of the energies and angular
distributions in principle enable structural analysis. When shadowing,
blocking, focussing or channeling effects occur, the intensities of the
binary peaks will depend on the energies and incident and final angles.

Heiland and Taglauer3

studied shadowing effects of adsorbed species
on metal surfaces to estimate the positions of the adsorbed atom on the
surface. Algra et a14 determined the structure of a stepped Cu surface
using multiple collision analysis. Overbury et al have investigated the
structure of Au(llO)2 and adsorbate ordering on Mo(OOl)5 using ARISS.
Bronckers and de Wit have studied the first two layers of Cu(110) using
’7Marchut et a18 have analysed an unreconstructed
Fe(001) surface using a shadow cone analysis involving the second and

third atomic layers.

shadowing effects.6

IT. Objectives

The main objective of the project was to assemble, test and gain
experience with a rudimentary angle resolved ion scattering
spectrometer. The experience with this system, particularly with its
limitations and problems, will provide the basis for the design of a
more versatile and sophisticated ARISS system.

A secondary objective was to compare the results obtained with rare

gas ions and alkali-metal ions. Neon and sodium were to be scattered off
gold and gallium arsenide surfaces in this phase of the work.

II1. DESCRIPTION OF THE ARISS SYSTEM

A schematic for the angle resolved ion scattering spectrometer
(ARISS) system is shown in Figure 1. The heart of the system is its
dispersive element, the electrostatic analyzer. The analyzer provides a

51-5
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means for analyzing the energy distributions of ions incident upon its
entrance aperture. Particles within an energy range will be transmitted
between the inner and outer spherical sector surfaces of the analyzer
and refocused upon the exit aperture. By sweeping the reference
potential of the whole analyzer with a fixed potential across the
hemispheres, or by sweeping the potential across the hemispheres with a
fixed reference potential, the input energy spectrum is obtained.

The analyzer is a Comstock Double Focusing Electrostatic Analyzer
Model AC-901.9 [t consists of two concentric 160 degree spherical sector

surfaces; an inner convex one of radius 3.25 cm, and an outer concave
surface of radius 4.05 cm. Two end plates are provided with knurled itfg
screw caps for easy insertion and changing of the apertures. The focal
points of the analyzer lie at the entrance and exit apertures. Single
charged particles of energy EP are transmitted between concentric

constant potential spheres of radii " and rs if the potential r
difference, V,, between the spheres satisfies ]
.__:li
= - O
Ep = Vy/(ry/ry ra/ry) (2)
PASR-
. ey
In this case Ep = V/C where C =1/2.254 (3) o,
The analyzer can be operated in either of two modes as indicated :i:§
above. These are (1) the sector sweeping mode and (2) the constant "'4
transmission (resolution) mode. The electrical connections and power TR

supplies used for each mode are shown in Figure 1.

In the sector sweeping mode, equal and opposite voltages are Sl
applied to the sector surfaces and the apertures and side plates are %rfé
held at a fixed voltage, often ground potential. As the sector voltage, "3.3
Yy S
transmission effiency and absolute energy resolution change as VH is N

is swept, the energy distribution is obtained. In this mode

swept. It is a useful mode when external focusing conditions are
sensitive to the potential on the apertures.

In the constant transmission mode, the sector voltage, VH’ is fixed
while the voltage on the apertures and side walls are swept. The ions

are either accelerated or retarded until their energy matches the
51=7
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transmission energy at which they are focused on the detector. In this
mode both transmission and resolution are constant for a given VH' Ry
choosing VH small, high resolution (but lowered count rate) can be
obtained. The manufacturer gives the energy resolution for 1 mm diameter
apertures as 0.8% and for 0.5 mm diameter apertures as 0.4%.

Once the ions traverse the analyzer they are detected by a
Channeltron detector (model CEM 4013). The cone of the Channeltron is
held at about 2300 volts negative so the efficiency for electron
multiplication is about the same for all ion energies used. The current
pulses are coupled via a capacitor to a pre-amp and the signal
acquisition equipment.

The sample and the analyzer are rigidly attached to a circular
plate which can be rotated relative to fixed ion guns. An angular scale
is scribed on the plate. The axis of rotation is co-linear with the
center line of the long side of a tee with a six inch inner diameter
which forms the experimental chamber. One end of the chamber
accommodates a base plate with a rotary feedthrough to control the
rotation of the analyzer-sample stage, and the electrical feedthroughs.
The other end has a window. Two ports , 90 degrees apart, with axes
perpendicular to the rotation axes hold the ion guns, a sodium gun and
an ion gun of the electron impact type. Helium and neon gases were used
with this gun. A four inch window was on a port half-way between the ion
gun ports to enable angle measurements to be made with the aid of a
reference pin. This chamber was appended to a larger chamber which could
be pumped with sorb pumps, an ion pump and a sublimation pump. The base
pressure for the system was about 2 x 10'8 torr. When helium or neon was

used the system was backfilled to 2 x 1072 torr.

An example of a spectrum taken with the system is shown in Figure
2. Its the spectrum of sodium scattered from a GaAs sample with a thin
coating of gold. The scattering angle was 80 degrees and the initial ion
energy was 2 keV. There is apparent multiple scattering at energies
above the binary collision peaks and a rather high intensity below the
peaks due to inelastic losses which result from scattering from layers
below the surface. This later effect occurs more for alkali atom
scattering because of the much smaller neutralization probability.
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n IV. SYSTEM PERFORMANCE

Eﬁ:ﬁj The ARISS system was tested extensively using a variety of
&iﬁ. experimental conditions. Both modes were tested, using helium, neon and

sodium as the projectile ions. The test encompassed a range of

o accelerating voltages from about 500 V to 2500 V. The tests used either

o no sample, i.e. the ions fired drectly into the analyzer, an aluminum

block coated with gold, a GaAs sample coated with gold or a GaAs (110)

surface. In this section, a selection of the results will be presented
to illustrate the behavior of the system.

The energy of an ion which approaches the analyzer and is T
subsequently detected, E, is just the sum of the pass energy, EP, and :FZ
the energy gained or lost as a result of the accelerating or retarding =
voltage which will be denoted by VR' EP is given by Equation 3. If the o]
incoming ion has been scattered off a surface in a binary collision, E
is just the E1 of Equation 1. In general, we could write E = B*EO where oA
B would depend on the details of the scattering process involved and is .
a function of angle. Since EO results from an acceleration in the ion
gun, it 1is convienent to write it as VGUN (in eV's). With these

definitions we can then take as a working equation for the analyzer:

r v - N T T T T e s
o AN N

* AL P .' St
v_c MUY WP I ST T} 3

E = B*Vg )y = Vo + V,/C (4) S
With this equation we can analyze experiments using either mode for the ;i?
analyzer constant, C, or the energy of the incident ion, vGUN or the fL:

N energy ratio, B = E/EO. B = 1 corresponds to the case of no scattering. ;:h

igi VR equal to zero or a constant describes the sector sweep mode and VH ‘:i

e constant, the constant transmission mode. i:ﬁ

.:'T-. _:- N

t&!. Another useful equation is based on the definition of the 7

Ej{ resolution, R, of the analyzer, AE/E . If AE0 is the linewidth (FWHM) of %::

Etﬁ; the beam incident on the analyzer, then the detected linewidth including ?ﬂi

E;%: the contribution from the analyser energy distribution can be written ;ﬂ;

) as: —

;_‘ 51-10




A = AEO + R*E (5)
The analyzer constant, C, was initially determined by using neon
gas and the Phi ion gun and detecting the ion current to the cone of the
detector. The voltage across the sectors was set and the retarding
voltage varied until the ions traversed the analyzer and exited to the
detector. A plot of the data is given in Figure 3. The solid line is a
least squares fit and gives 0.422 for the constant which is about 5%
lower than given by the manufacturer. However the analyzer had been
disassembled a number of times and the spacing and alignment had
probably changed. As the retarding increased, the beam had to be
refocused, indicating the need for a better shielding of the beam region
from the potentials. This was subsequently done but the problem was not
completely eliminated.

Figures 4 and 5 show the results obtained by firing neon and sodium
ions directly into the entrance aperture of the analyzer. The analyzer
constant was obtained in each case. In the neon case the avegage
constant was about 0.3% Tower than the value given above while the
sodium date gave a value about 1.3% lower. At zero and low retarding
voltages, the width of the transmission peak was quite small. But as
higher retarding voltages were used, The line shape became distorted and
even multiple peaks were observed. This seems to imply a focusing
problem caused by the potentials on the entrance aperture. This data
also illustrates the way the initial ion energy can be determined from
the intercept on the ordinate.

From the line width obtained with neon fired directly at the
analyzer with 0.5 mm diameter apertures at an energy of 1.5 keV with
zero retardation, the resolution was found to be 0.63%. This compares
favorably with that quoted by the manufacturer. Because of the
distortion of the line shape with retarding voltage a least squares
analysis of the retarding data was not possible.

Figure 6 is a plot of the line widths obtained from neon scattered

off gold using 1 mm diameter apertures. The slope is, from Equation 5,

R/C. A value for R of 1.3% is obtained which is comparable to that given

by the manufacturer. From the same experiment, the count rate as a
51=11
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function of retarding voltage can be obtained. This is shown in Figure
7. The linear fall-off 1is in accord with the predictions of He]mer.10
The higher retarding voltages correspond to smaller voltages across the
sectors. This implies that in the constant transmission mode, for high
resolution (small VH) we would obtain lower count rates.

Figures 8 and 9 illustrate how the scattered energy and analyzer
constant can be extracted from the data for scattering from a sample.
The constant is essentially the same as obtained by directly aiming the
gun into the analyzer. The energy ratios are about 3% Tlower than
expected on the basis of Equation 1 for the angle used (850).

In sum, the system performs substantially as expected with some
limitations as a high resolution instrument.

V. ANGULAR STUDIES

The angular dependence of the scattering of both neon and sodium
from a number of samples was investigated. Because of the compactness of
the system, data could be taken for only about a range of 65 degrees
before the shielding enclosure of the analyzer interfered with the ion
beam. Also since the sample could not be moved independently of the
analyzer, the angle of reflection and the azimuthal angle could not be
changed. It was possible to obtain data to compare with Equation 1 and
to see as yet unexplained intensity variations as the scattering angle
was varied.

Figure 10 shows data taken in the constant transmission mode
; (VH=150 V) for neon on gold. 35 degrees should be subtracted from the
- angles given to get the scattering angle. The X's go with the right hand

gu? scale and show the intensity variation with angle. The retarding voltage
r_-,.. data, boxes and left scale, is consistent with Equation 1. How much of
2 the intensity variation is due to the changing retarding voltage is not
o known. Some of the variation at the smaller angles is undoubtably due to
S the fact that more of the ion beam impinges on regions of the sample not
;i‘ viewed by the entrance aperture.
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Figure 10. Angular variation of retarding voltage and intensity
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Figure 11 shows data obtained from the scattering of sodium off a
GaAs sample with a coating of gold. The Ga and As peaks were not
separately resolved as seen in Figure 2. Comparison is made with the
ratios calculated on the basis of Equation 1. The data for gold is
consistently Tow. The gold peak is sitting on the multiple scattering
shoulder of GaAs which would tend to lower the apparent peak position.
Also recent studies on silver found the peak to be 1 to 2% low due to an

inelastic energy loss mecham’sm.11

The angular dependence of the energy ratio for scattering of neon
from a GaAs surface is shown in Figure 12. Good agreement is seen with
the binary collision model. From the same experiment, the intensity vs
angle dependence was determined and is shown in Figure 13. The solid
Tines represent third order polynomials fit to the data to help guide
the eye. The count rates were rather low and there is noticeable scatter
to the data.

VI. RECOMMENDATIONS

Within the limitations of time and available components and
equipment the project was successful. From it we can point to a number
of improvements which must he made in order to develop a high quality
ARISS system.

1. The system should be built in a large vacuum chamber- 12 to 15
inches in diameter. This will allow the analyzer to be placed a
relatively large distance from the scattering region. A much
larger range of scattering angles would be allowed and
extraneous fields in the scattering region would be reduced.
Room for other instruments such as LEED would be available.

2. An input lens system should be added to the system to collect
the ions and focus them on the entrance aperture. This would
allow operation with a relatively large aperture for
sensitivity while maintaining high resolution. An appropriate
lens would permit operation in the constant transmission mode
with the sector voltage low enough to obtain high resolution.
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An output Tlens, while less necessary, would be useful in

increasing detection efficiency and reducing noise by the use
of a smaller detector aperture.

3. A sample manipulator to allow placement of the sample in any
orientation is needed to be able to map out the intensity
variations in various crystallographic directions.

4. Complete shielding of the entire analyzer-channeltron assembly,
which would be possible in a larger chamber, is necessary.

Acting on the above recommendations could form the basis for
follow-on research. If, in addition the capability to do 1laser
multiphoton resonance ionization were added, the sensitivity of the
experiments could be enhanced by preferentially detecting certain of the
sputtered ions.
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ELECTROGASTROGRAM AND ITS EFFECTIVENESS
IN EVALUATION OF MOTION SICKNESS
by
Edward Carl Greco, Jr.

ABSTRACT

The electrogastrogram (EGG) is a low frequency signal
recorded from the abdomen with surface electrodes which is
thought to represent gastric motility. Its frequency con-
tent ranges from 1 to 5 cycles/min. The EGG offers the po-
tential for a direct observation of gastric motility which
would be very useful as an index of nausea during motion
stimuli. The EGG could be used as a biofeedback variable
providing =zar indicator of gastric activity. Subjects moni~
toring their own EGG may be able to voluntarily control gas-
tric activity during motion stimuli and thus learn to minim-
ize their susceptibility to motion sickness. However, there
are several problems associated with the recording techni-
ques and interpretation of results which requires further
investigation before the EGG can be used effectively for bi-

ofeedback treatment of motion sickness.

52-2

-
»
»
v

g ., .'-/ -/' .
t S

.
"l'- *
M
.

"1



Acknowledgements

I wish to thank the Air Force System Command, the Air

Force Office of Scientific Research, and the Southeastern
Center for Electrical Engineering Educatioin for arranging a
very interesting and enlightening summer at the School of
Aerospace Medicine, Brooks AFB, Texas. In particular I
would 1like to thank the personnel in the Neuropsychiatry
Branch of the Clinical Sciences Division for their assis-

tance and hospitality.

I off=r a special thanks to Dr. David R. Jones for pro-
viding the research project, guiding, and supporting my re-
search efforts; and to Dr. Bryce Hartman for the "big pic-
ture” orientation and his administrative assistance. Thanks
also to Lt. James Heriot for his assistance in the first
half of this project and to Mr. John Davis for his technical
assistance Ehroughout the summer. Thank you Drs. Giles,
Lewis, Patterson, and Perrien for your helpful discussions N
and suggestions during my summer tenure. Finally, thanks to .
the technical staff of Neuropsychiatry for your assistance
whenever asked and for your friendliness which made the

summer a very enjoyable experience.

T
LS N N S

LI



g Sids “Zh i Shamt M Atie Shatn i dhntediewe e il iata iR At s A A

v v - .
Lo A Sl it alie S ke Sltn Sinza S Real e arAde Jbie S i R Ba it Nk e ol -

a I. Introduction.

The debi;itating effect of motion/air sickness may ad-
versely and severely affect fliers ability to function.
Student, as well as experienced aviators, are susceptible to
the malaise of this unpredictable affliction [Levy, Jones,
Carlson, 198l1]. A form of motion sickness has also been ex-
perienced by approximately 40% of all astronauts.
Astronauts were more susceptible to space adaption syndrome
(sAs, as it is now called) the first several days in space
but symptons rersisted for up to two weeks [Oman, 1982].
The seriousness of motion sickness for space, as well as
air, operations has been recently publicized in the popular

press {Chaikin, 1984; Joyce, 1984}.

Symptoms of motion sickness include hypersalivation,

facial pallor, sweating, warm £lush, malaise, headaches,

=

drowsiness,” epigastric awareness, epigastric discomfort, ?ﬁ

nausea, and vomiting. Epigastric awareness is defined as ﬂﬁ

>

the feeling which draws attention to the epigastric area but -

is not uncomfortable, while the feeling of distress which is fﬁ

more than awareness but less than nausea has been termed ep- t;;

e

igastric discomfort [Graybiel, 1968]. In addition there are X

J

symptoms which have not been regularily reported. These in- ]

]

clude: (1) symptoms which are difficult to measure, i.e., -]
respiratory irregularities and electrical activity of the

pu—
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stomach and intestine; and (2) symptoms which have not been

shown to be reliable, e.g., blurred vision {[Graybiel, 1968].

The treatment for motion sickness has evolved@ around
two paradigms: pharmacological and self-asserted autonomic
control. Pharmacological agents include drués which act on
the cholinergic receptors. Autonomic control has been
taught through biofeedback techniques. Scopolamine and sco-
polamine combined with amphetamine are anti-cholinergic
drugs which have been used to treat motion and space sick-
ness. These. drugs are short acting but are ineffective if
administered after symptoms have appeared. The short term
side effects of scopolamine include central nervous system
depression, dry mouth, and loss of visual accommodation as
well as longer term effects suchq;s memory imparement, sleep
disturbances, and prenatal toxicity [Kohl, 1983]}. Dexedrine
has been combined with scopolamine and amphetamine in order
to counteract the drowsiness side effect. However these

drugs can not be used by solo pilots because of the poten-

tial side effects [Jones, 1984]. Some of the side effects

may be reduced with alternate administration procedures;

for example, a skin patch for absorption across the skin.

SEY AT

«

Skin absorption administration reduces the peak intravenous

T

Jidm

concentration and prolongs the drugs effectiveness. However

these drugs do not totally eliminate the motion sickness but

P T

N

simply raise the crew person's tolerance to motion stimuli

IR an e P 20 2% A8

o
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[Oman, 1982].

Volitional control over autonomic functions during mo- i

tion stimuli has been achieved with biofeedback conditioning _;

[Cowings, 1977]. Biofeedback involves the measurement and Ef

Eﬁﬁ presentation of physiological variables to a subject. FE
E;QV Physiological signals which have been found to be sensitive ij
- to subjects' autonomic state during motion stimulus and' can j
= be readily measured are the following: (1) skin temperature '};
L" [Levy, 1981}, (2) galvanic skin response [Levy, 1981], (3) Eq
7 frontalis EMG [Levy, 19811, (4) heart rate [Cowings, 1977}, :;
(5) respiration rate [Cowings, 1977], and (6) blood volume ii

pulse of the face and hands [Cowings, 1977]. Subjects are E;

able to gairn control over their autonomic state by voluntar- tj

ily.shifting these recorded physi;iogical variables to some f%

desired range and thus reduce their sensitivity to motion ?E

stimuli [Cowings, 1977; Levy, 1981; Jones, 1984]. 2%

II. Objectives.

Y,

T

The objectives of this research study were to evaluate

wY

existing instrumentation and equipment; and to specify and

v r v
D

o design additional instrumentation to monitor motion stimuli
t:?ﬁ responses in order to provide biofeedback training to incre-

By ase motion stimulus tolerance. Existing 1laboratory equip-

52-6
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ment and instrumentation in the motion stimulus laboratory
of Neuropsychiatry, and instrumentation provided by the Air
Force Institute of Technology [Earl, 1983), under separate
contract, were evaluated, modified, and integrated into g
laboratory system for motion sickness evaluation and bi-

ofeedback training. This report concentrateé on the elec-

trogastrogram (EGG): a physiological variable which has not
received widespread interest for evaluation of motion stimu-

1i until recently [Earl, 1983; Patterson, 1967].

i 111, Lrocast

i. Low fr=guency electrical activity recorded from skin
3 : -

Lf surface elactrodes on the abdomen has been designated the

electrogastrogram (EGG). The EGG was thought to originate

from the smooth musculature of the lower alimentary canal,
including Epe stomach and intestine [Russell, 1967) .
Electrical activity of the gastrointestinal tract has been
recorded from electrodes places directly on exposed o1 ex-
cised tissue in several early investigations. A close cor-
respondance between the electrical and mechanical activity
in both amplitude as well as form was observed in these stu-

dies [Russell, 1967). An intragastric electrode technique

was developed by Goodman [1942] with an electrode placed

into the stomach through a nasal gastric tube and a refer-

I 3
Ot

.y §

- 52~7
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ence electrode placed on the forearm., This intragastric
electrode technique formed the basis for several clinical
studies in which electrical activity was found to correlate

with intragastric balloon pressure measurements [Russell,

1967]. The first attempt to record g.i. activity from
external surface electrodes on humans was méde by Alvarez ;:vﬂ
[1922]. These early human EGG's were not very successful
mainly due to the lack of low-frequency, high-gain amplif- _—

iers [Russell, 1967].

The EGG was recorded with silver disk electrodes which

had been coated with silver/silver chloricde to minimize po- » 3

larization effects. The subject's skin was prepared to ac- jh;%

cept the elscirodes by shaving and either rubbing the shaved B

area with elsctrode jelly or 1lightly abrading with fine L

sandpaper. The electrodes were coated with electrode jelly {fi

prior to attaching to the subject [Russell, 1967]. The T

1

reference electrode was placed on the subject's leg with the 3354

active electrode placed in one of four quadrants sites on :;$S

the abdomen. The standard site for the active electrode was :;Fﬂ

1 in. above and 2 in. to the left of the navel. Another p—-4

. R

fg site was 1 in. above and 2 in. to the right with other sites R

- AR

o symmetrically located around the navel. f:,:

b, - B

- The EGG recording was observed to depend on several e

i; factors including: electrode placement, content of stomach, R

’C..',' ;’v i
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body position, drugs, visual and auditory stimulation, smok- :E;S
ing, and task required of subject [Russell, 1967]. There :::

were common features amoung all recordings which could be
classified into three types. Type I signals were low magni-

tude, single frequency waves with frequencies in the range

e
v

7%

of 1 to 2 per min in the fundus of the stomach and 3 to 4 B

per min in the antrum. Type II signals were larger ampli- Eiﬁ

tude waves than type I. The harmonic content of type II was ;ﬂﬁi

simple, like type I, but the frequency was time varying. :"{1

The frequency covered the range from 2 to 5 per min during j:i

non-rhythmic activity and 3 per min during rhythmic condi- ;;;;

tions. Tvpe III waves were complex with frequency compo- ii?%

: nents between 1 and 5 per min. Type III activity appeared ?;?
E. as baselin= shifts. It was suggested that type I waves re- Eiji
?' . | present "mixing"; type II, peristalsis; and type III, a ;ﬁ:Z
[3 change in muscle tone of the lumen affecting its diameter. -

Several questions concerning the EGG must be addressed

before it éan be used as an indicator of g.i. motility, and,

as such, an appropriate feedback variable for the treatment

of motion sickness. First, and perhaps foremost, does the -

surface recording of electrical activity adequately detect

and distinguish mechanical events within the stomach and in-

s

*
N

] testine similar to the relationship which exists between me-

chanical and electrical activity recorded from direct elec-

trode placement on g.i., tissue? Second, is there signifi-
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cant interference in the EGG from other bioelectric poten-

tials, such as the EKG and myoelectric activity from respi-
ratory muscles? Third, electrodes are subject to movement
artifacts caused by mechanical variations in the
skin-electrode interface during movement f£rom activities
such as breathing and voluntary changes in position by the

subject. How do these movement artifacts affect the EGG?

Fourth, can electronic amplifiers be constructed to handle
the EGG signals and provide reliable representation of the
actual EGG? Fifth, can the electrical signal be readily and
reliablily associated with a corresponding mechanical event
of activity? Sixth, how is the EGG effected by nausea?
Seventh, can subjects be taught to modify their electrogas-

tric activity and, if so, will this help them to gain con-

trol over their body's response to motion stimuli?

IV. Effi 3 Reliabilj ¢ the EGG :%

The relationship between mechanical and electrical

5Ty
events 1in the gastrointestinal tract has been considered by -
Stevens and Worrall {1974]. They recorded the EGG from sur- j%
face electrodes with simultaneous measurements of stomach B
wall movement via strain gauges in the sedated cat. They ’f
-3

reported the results from three of seventeen animals and :q
submitted a three minute record from one animal to :ﬂ
o
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time-series analysis on the computer. Cross-correlation an-
alysis of electrical and mechanical activity indicated a
correspondance between these two signals predominately at
4.2 cycles/min. The low frequency range observed for all
three animals was between 3.76 and 4.54 cycles/min. In add-
tion, the electrical signal contained activity at higher
frequencies concentrated at 9.4, 11.8, 13.9, and 18.6
cycles/min. These higher frequency electrical components
did not have a corresponding mechanical equivalent.
Although the electrical activity contained frequencies which
were not represented in the recording of mechanical activity
of the stomach, the higher frequency components corresponded
with electrical signals recorded directly from the alimenta-

ry canal bv others {[Stevens, 1974]).

Stevens and Worrall concluded that the high degree of
correlation, over 80%, between electrical and mechanical ac-

tivity at the low frequency range was highly significant and

LT e

indicated the two measurements were correlated. A high

correlation between two signals does not necessarily imply a
causal relationship, however. These investigators conceded
that their results indicated that the mechanical and electr-
icai activities are not exact replicas of each other but are

"loose~-coupled”.

Thus in response to questions 1 and 5 Stevens and Wor-

52-11
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rall would reply that surface recorded electrogastric activ-

@ R R A ]
» e s e e S e
'u" PO /T‘t
P R P

. ity contains components correlated with stomach motility

T
.
¢

but, in addition, reflects the complex nature of electrical

.
»
»
-

activity of the stomach and intestine. Threrfore, interpre-
tation of the EGG as stomach motility is not straight for-
ward. These investigators experienced attifacts in their
recordings which 1limited the amount of data which could be
analyzed. Since their animals were sedated, it is assumed
that voluntary movement did not significantly contribute to
these artifacts., Movement from breathing as well as myoe-
lectric interference 1likely produced these observed arti-

facts.

The reiationship between nausea and EGG activity was

in§estigated by Patterson [1967). He recorded the EGG and
thoracic breathing amplitude from a strain gauge around the
chest. He used involuntary head tilts during Coriolis chair
rotation tqurovide motion stimuli to human subjects. His
subjects reporting nausea during the head movements had a

corresponding increase in the EGG drift and breathing ampli-

tude. (EGG drift was determined from the cummulative sum of ‘-

.
r

LN N
0

the differential deflections recorded every 38 sec.) The -+

N
group of subjects who were able to tolerate head tilts dur- iﬁﬁ
ing rotation with no reports of nausea exhibited 1little or —7%

L 4

no increase in either EGG or breathing amplitude. Although

o
L
o e Sl
H

v .

,-
N
1.-‘
.Y
;

Patterson's studies imply that both thoracic breathing am-

'! 1
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plitude and EGG drift correlate with the subjective sensa- Z%c
tion of nausea, the degree of preceived nausea may not be as
well related. The experimental protocal was designed to
allow the subject to terminated the experiment when the sub~
ject felt that the nausea was no longer tolerable.
Patterson compared the EGG and respiratory amplitude signals
with the time to terminétion as designated by the subject.
A statistically significant relationship did not exist,
which indicated that the subjective awareness of nausea may
not be related in a one-to~one manner to thoracic breathing

or EGG activity.

Walker and co-workers [1978] looked into the question
of voluntarv ccnirol of the tonic EGG signal. They recorded
thoracic respiration, heart rate, abdominal EMG and digital
blood flow in addition to EGG. Subjects were asked to vo-
luntarily increase or d--<rease the tonic EGG activity during
a l.5 min session. The direction of required EGG movement
was reversed during the next session with a 25 sec interval
between sessions. When analyzed as a group, subjects were
able to significantly increase their tonic EGG activity but
were unable to reduce it below baseline with statistical
significance. Subjects who were successful in controlling

their tonic EGG did so with reduced amount of abdominal EMG

during both increased and decreased EGG attempts. The un-

bt successful subjects exhibited large increases in EMG during

L 52-13
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< sessions in which an increase in EGG was attempted and de-
!; creased EMG during reduction in EGG attempts. The success-—
. ful subject reported that relaxation and "indifference® were
the techniques utilized to control the tonic EGG response

during either increase or decrease challenges.

V. EGG Recordings. o

The electrogastrogram was redorded from two volunteers
in order to validate the EGG instrumentation. Electrodes
were attached to the abdomen utilizing position 6 from the T

placement configuration shown in fiqure III-4 from Earl and fif

Peterson [1583). The reference electrode was located 1
in. above the navel with the Tactive electrode placed 2
in. above and 2 in. to the subjects' right. The electrode

site was prepared by cleaning the skin with an alcochol pad,

and standard pregelled silver/silver chloride electrocardi-
ogram electrodes (Instruments for Cardiac Research, Inc.;

Catalog #5015) were attached.

- )
2 The EGG amplifier was provided by the Air Force Insti- G

;2 tute of Technology [Earl, 1983]. It was designed and con-
‘ structed as a low-frequency, band-pass, high-gain, differen-
tial amplifer. The maximum gain occurred at 6.863 Hz (1.8

cycles/min) with a half-power bandwidth from approximately

N Pl
. .

o S
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0.0l to ©6.08 Hz (0.6 to 4.8 cycles/min). The amplifier's
gain was adjustable from approximately 98 dB (88,000) to 103
dB (140,008). An offset adjust potentiometer was added to
the next to last stage of the amplifier. This offset ad-
justment was found to be necessary to zero the amplifier's
output with shorted inputs. It was not included for the
purpose of bucking d.c. potentials present at the input of
the amplifier but to compensate for d.c. offsets existing

within the operational amplifiers of the final two stages.

Three experiments were performed with subjects sitting
or reclineé¢ in a comfortable recliner chair. Electrode
placement was similar for each experiment as previously des-
cribed. 2 record of the EGG from the first experiment is
presented in fiqgure 1. This expgriment was performed to
test the contribution of voluntary abdominal muscle contrac-
tion and diaphragmatic breathing on the EGG signalg
Abdominal puscle contraction adds a large artifact to the

EGG which saturated the amplifier requiring approximately 30

sec to recover. Diaphragmatic breathing produced a smaller

artifact which was superimposed on the EGG signal.

Forward body tilts at the waist were performed during
experiments 2 and 3. The forward tilt has been used to pro-
duce a motion stimulus for a subject spinning in the Cori-

olis chair. The purpose of these two experiments were to

52-15
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determine how the forward tilt effects the EGG in the ab- ;—a
sence of motion stimulus. Subjects set upright in a sta-
tionary chair and tilted the upper body forward and back to
the upright sitting position on command. The forward tilt
and return to upright took less than 5 sec. In each case
the forward tilt produced a large deflectioh in the EGG re-
cording which exceeded the limits of the amplifier. In many
cases the amplifier recovered in 30 sec or less but in a few
trials recovery required much longer. As the subject tilts
forward the electrode may move in relation to the skin.
This movement likely produces a change in the
skin~to-electrode potential which would be detected by the

EGG amplifier. 1If the potential is of sufficient magnitude,

the front-end amplifier or subsequent stage could be satu-

rated, i.e., driven above its operational limits.

VI. Recommendations.

The EGG offers the potential for a direct measurement

of gastric motility which could be extremely useful as an

index of nausea during motion stimuli. If subjects could be

trained to control their electrogastric activity, they

v v
A M)
PR

O ]

ol R

; should be able to increase their tolerance to motion stimu-

g . e -
p? 1li. Also, the EGG may offer an independent objective meas- T
o : : B
:; ure of the level of nausea. However, the EGG is not without T
e -
b T
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its problems. It appears to be highly susceptible to arti-

facts from movement and interference from other biopotential ?ﬁ
signals such as abdominal muscule EMG. The EGG contains i;%
electrical activity which can not be accounted for by sto- tii
mach contractions as indicated by the studies of Stevens and ;;
E;t Worrall [1974]. The electrical activity uncorrelated with Eés
r;;' mechanical activity of the stomach may be due to artifacts ‘ﬁ;
h or it may be from other segments of the alimentary canal. ""j
i It is important to understand the contributions to the EGG, Eﬁ?
E and it would appear that additional studies are required to ?&]
E,;_ better relate g.i. motility with the EGG. ;ﬁ
. ]
. )
i ) Patterson [1967] found that both thoracic respiratory :;ﬂ
;Z? breathing dJdepth and EGG drift increased with a feeling of ;;
%h : nausea. He was however unable to~show a correlation between B
1? breathing or EGG and the degree of nausea. Although a ‘;;
correlation my be obtained between EGG drift and the deyree -:i
of nausea with a larger data set, this would not be helpful . f
for evaluation of a individual subject. Therefore other E;
1 parameters of the EGG should be considered, e.g., a reduc- . S;
L.”4 tion in the 3 cycles/min frequency component. - 55
ﬁ':f A question of immediate importance to the application N
(‘<' of EGG to biofeedback training for motion stimuli tolerance ' o
- is the effect of movement artifact on the EGG recording. o
" The test performed in the lab indicated that the forward
'." 52-20 -
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body tilt did produce an artifact in the EGG which required
from 30 sec or longer to recover. Recovery should be en-
hanced by redesigning the amplifier by (1) a.c. coupling the
front-end stage, and (2) clamping the range of the opera-

tional amplifier to prevent saturation.
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FAR-INFRARED ABSORPTION PROFILES FOR SHALLOW DONORS
IN GaAs-GaAlAs QUANTUM WELL STRUCTURES
by

Ronald L. Greene

ABSTRACT

Previous variational calculations of the ground and 2p-like excited
states of a shallow donor in a quantum well are extended to include the ":uf1
effects of an applied magnetic field and arbitrary donor position. The 1i:23

extended wave functions are then used in a theory for the absorption

profile of shallow donor transitions in quantum wells, Absorption
profiles for several donor impurity distributions are calculated and
compared to recent far-infrared absorption experiments. The comparison
with experiment is ambiguous, but the theory does suggest that the experi-
mental samples may possess thin donor impurity layers at the interfaces

between semiconductors.
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L. INTRODUCTION
Current epitaxial growth techniques such as molecular beam epitaxy
and metal-organic chemical-vapor deposition make it possible to grow sys-
tems of alternate layers of different semiconductors (usually referred to
as heterostructures) or layers of a single semiconductor with different
doping properties. Such systems with large-scale periodicity (typically
50-500 X) along the growth direction are known as superlattices. Per-

haps the most commonly studied heterostructure consists of alternating

layers of GaAs and Gai-yAlyAs, where the Al fraction x#0.4. In this

paper we shall confine our attention to such systems.

The band gap of Gaj.,Al,As varies with x, and is larger than that of

GaAs. When it is grown in alternating layers with GaAs, discontinuities
in the conduction and valence band edges occur at the interfaces. For
sharp interfaces the potential felt by an electron moving in the conduc-
tion band is that of a one-dimensional array of square wells and barriers,

with the wells formed in the GaAs and the barriers in the Gaj_,Al,As. The

presence of these quantum wells causes the normal three-dimensional band

Ffl structure to be split into subbands along the k, direction. In the
=
E : effective mass approximation the subband edges correspond to the e¢nergy
) levels of an etfective mass electron moving in the one-dimensional
- =on)
T potential. -
b.."’-. . b’
b=, . . S
E;J_ Studies of shallow donor states in bulk semiconductors have yielded v}l
\':‘ ) "\.'
r. ' considerable information about the host semiconductor, so that it is not - 1
Rl —
i surprising that similar studies have been made of shallow donors in R
heterostructures. The energy levels associated with such shallow states :f{:
in & (aAs-Gaj_Al As quantum well are found near the conduction subband -
53-4 —_
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edges. [he Coulomb binding energy has been the focus of most of the

theoretical work to date.l-2
Recently far-infrared absorption experiments have begun to measure

the shallow donor 1s-2p transitions in GaAs-Gaj-xAlxAs quantum wells. At

the present time the absorption profiles are rather poor, but several
peaks have been seen. There is now a need for accurate theoretical
absorption profiles for comparison. In principle, such profiles can be
combined with experimental profiles to extract the distribution of
impurities in a given sample. Prior to this work there has been one
calculation of the absorption line shape for the 1s to 2p shallow donor
transition in these heterostructures.3 There are several problems with

the calculation, however, in terms of comparison to experiment. First,

the model chosen was that of a quantum well with infinitely high barriers.

This has been shown to be not a very good approximation for narrow wells
(L:ESOR). A second problem is that the line shape was calculated for zero
external magnetic field. The experimental data, on the other hand, is
much better for moderate size magnetic fields. However, the biggest
problem with the previous calculation is that the authors arbitrarily
considered only donors within the GaAs well in their calculation of the

line shape. Tanaka, et g1.4 have shown that the binding of electrons
within the well to donors outside it can be appreciable. This, plus the
fact that the density of states continues to increase for donors outside
the well means that they should not be neglected. In fact, as will be
pointed out later, neglecting such impurities leads to the prediction of a

spurious second peak in the absorption profile.

This problem of the calculation of absorption profiles of shallow
53=5
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donor transitions in quantum well systems is an obvious one for me to work

on. Not only is the work of importance in the understanding of the
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physics of semiconductor heterostructures, but my experience with several

aspects of the problem make me especially well qualified to tackle it.

Several collaborators and [ have previously published the results of work

on far-infrared shallow donor spectra in (GaAs, on the effects of magnetic _‘_‘
fields on shallow donors, and on the effects of quantum wells upon the —
energy levels of shallow donors in GaAs-Gaj.,Al,As materials. '."'-:::
I also have extensive experience in the calculation of line shapes for 1
hydrogenic atoms in plasmas. j

[1. OBJECTIVES OF THE RESEARCH EFFORT ]

The specific objectives of my research were all aimed at producing

s theoretical absorption profiles of 1s-2p shallow donor transitions in

GaAs-Gaj-,Al4As quantum well systems. They are listed below:

L 1) Apply the theory for the absorption profiles to shallow

b donors in quantum wells with an external magnetic field.

E 2) Obtain accurate ground and excited state variational wave

: functions as a function of donor position for several

L.__ values of magnetic field and well width,

Ifﬁ}: 3) Evaluate the transition line strengths using these wave

functions.

. 4) Calculate the line shape for a variety of impurity distri-

E' butions.

t 5) Compare the results with experiment. |

& .
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I11. THEORY OF THE ABSORPTION PROFILE

The theory of absorption of light by atomic systems is well known,
and can be found in standard texts on quantum mechanics (See, for example,
Reference 5.). We will only sketch it here, and indicate specifically how
it can be applied to the problem of shallow donor absorption. We first
assume that our donors are sufficiently well separated that they do not
interact with each other. Since the effective Bohr radius of a shallow
donor in GaAs is about 100 8, and our donors will be constricted stil)
further by the applied magnetic field and the quantum well, this s not a
very restrictive approximation. We also assume that the experiments will

be performed at very low temperature so that all the donors are initially ;j:f.

in their ground states. We choose our coordinate system such that the I-;u:
z-axis is directed along the growth direction for the heterostructure, and

consider the incident 1ight polarized in the x-direction with intensity I,

he probability per unit time for an electric dipole transition from

an initial state i to a final state f is given by

Piog = E—‘;—i I i1 § (heo- Eg) )

WIS Akad

2 1 _.»
e Y v

where @ is the anqular frequency of the incident 1ight and Eg¢; is the

[N
"
E“‘
i

enerqgy difference between the final state and the initial state ---

E¢; = E¢ - E5.  In the effective mass approximation the mass in Equation }j.}ﬁ'

(1) is the effective mass of the donor electron.® If we multiply this

expression by Eg¢; and sum over final states we obtain the rate of energy

loss from the field caused by absorption as a donor electron is excited
From an initial state i to any other state. Then if we multiply the

resulting expression by @, the probability that the donor electron is
53~7
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initially in the state i, and sum over all initial states, we get the

tollowing expression for the power absorbed from the incident radiation:

P(w) = !.:u;i_%z § Ks1 T lidtPp: §(w-Eu/e) .  (2)

Kohn® has shown that within the effective mass approximation

| 8
KB lidIE = 2EEE [eslaisl®, (3)

Substituting this into tquation (2) yields the following expression for

2t

the absorbed power:

Pe) = Hegel 5 cotedi>l o S (w-Enh). ()

0 o St

Ty
I
.

{n the presence of an applied magnetic field, -ihi’ should be replaced by
»iﬂ" -(e/c)x, where ¥ is the magnetic vector potential. However, the
relationship in tquation (3) is changed with the result that Equation (4)
15 still valid.”

tor a bulk semiconductor the sum over i reduces to a single term

Eet since the ground state enerqgies of all isolated donors are the same.

»%:: However, tor 4 quantum well system the ground state energy of a given
ii;; donor depends on its location relative to the quantum well. The sum over
E;& 1, theu, is actually a sum over all the possible positions of the donor
:» impurity.

Li;' [n this work we are interested in the shape of the absorption

Eij profile, rather than its absolute expression. For this reason we define
s;l a function [(&) as follows:

- T e & sl pr 8e-Eap) . ()
"" ’ 53-8
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[( is usually called the absorption line shape because it contains most ‘”17
of the frequency dependence of the power spectrum of Equation (4). It is :if%i

closely related to the imaginary part of the complex dielectric function.
The sum over donor positions in Equation (5) is a sum over the Ga and

Al sites in the GaAs-Gaj-yAl,As heterostructure. However, since the size

of the donor is many times larger than the lattice spacing, the sum may be

approximated by an.integral with little error. The energy of a donor is

dependent only upon its z-coordinate (zj), so we can replace the sum over

i by an integral over zj. The probability £A; in this case becomes the

/ L. oy
AR Jeleo ',-_'
o et Pyt e e e

linear density distribution of donors, p(zi).

o
! Ty

As we have noted, the transition energy Eg; is a function of the

WoheTe v v e
ey
b

impurity position zj. We may formally invert the relationship to obtain

z; as a function of angular frequency Wgi = Egj/h. This allows us to

AR 4
"l '.l "““r ‘ " I‘ .’. l'
WINPT P G LN

perform the integration to obtain

Ty = 3 [an:plac I<elxtisl” §(w-wp)
= et ped . (0
23 | G3]] anipe . (

Because of the cylindrical symmetry of the problem, the initial

(ground) states are states with zero angular momentum projection along the

z-axis (i.e., m=0 states as discussed below). The matrix elements of the

Zi' x operator will then vanish for all states except those for which m=tl.

ii At this point we assume that the frequency of the incident radiation is

L.

Si such that only the 2p-1ike states contribute significantly to the line

i? shape in the region of interest. This point will be discussed later. This
E; approximation reduces the sum over final states to just two terms, the

v

53-9
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2py-like states, which from now on we will refer to as 2p;. We defer a

description of these states until the next section. Furthermore, the

iﬁ application of a magnetic field will cause the 2p, and 2p. states to
E' split, so that possibly only one term will be important for the line shape T
o over a given range of frequency. s
- ‘-'_:'s‘_:“
S
[V. SHALLOW DONOR WAVE FUNCTIONS ~%§}_
[n order for us to obtain a numerical absorption profile it is jﬁ{f}
necessary that we have available accurate representations of the ground i;ig
and 2p; states for the shallow donor in a quantum well. This problem, fth
with an applied magnetic field along the growth direction, has been iﬁfﬂ
examined by Greene and Bajaj.B We will sketch the analysis here; see :.',i:;Z}

Reference 8 for details.
[n the effective mass approximation the Hamiltonian for the shallow

donor electron may be written in the following form:

H2 k@'~ 2 ¢ vL, +4v%" + . (7)

>':~

{j{ This equation has been written in dimensionless form. The unit of energy

o=

Lff is the effective Rydberg and the unit of length is the effective Bohr

F!! radius --- both determined using the parameters of bulk GaAs. (These .

f%i quantities are 5.83 meV and 98.7 3, respectively.) The quantity m* in the gf{:

;?' above expression is the effective mass of the electron in units of the ??3?:

 ® bulk GaAs effective mass. Inside the well W*=1; fn the Gaj-xAl.As barrier 2

2 X0

o material it is assumed to vary with x as@ .

o ® -

t;:': m¥*= | & LYy | (') -

n!! In tquation (7) L, is the z-component of angular momentum (in units of #i), A

- 53-10
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P [ x2ey2)1/2 gnd ¥ 1s a dimensionless measure of the magnetic field, '5;25
the ratio of the lowest Laudau energy of a “free" effective mass electron ZT‘;E
to the effective Rydberqg. The quantum well potential V,(z) is assumed to f%ifi
be a simple square well. Neighboring wells are considered to be suffi- éiiﬁf
ciently far away that there is virtually no penetration of the donor ﬁiéﬁ}
electron wave function 1ito another well. This requires the Gaj-_yAl,As 523:3
barrier Lo be wide (®300 R). fi.-_,:.;j
ihe vartational wave functions that we use to evaluate the line shape ;'Tii
Function are of the same form as we used to find the binding energies of a ;;;;j
shallow donior 1 4 well with an applied magnetic field. Since the Hamil- Lo
tonian in Equation (7) is cylindrically symmetric, the component of -1iéﬁ
angular momentum along the 2z axis is conserved, so that the 4 dependence i;:i;;
of the wave function has the form exp(im$). Furthermore, since for most iff;i
well widlhs the Coulomb contribution to the eneryy is considerably smaller j
than the contribution from the square well potential, it is helpful to :;.;a
crplicitly factor the solution for the ground state of the one-dimensional .
square well problem out ob our variational wave tunction. We label this

square well tunction t(z). 1ts explicit form can be found in Reference 8

or any general quantum mechanics text.® The form for the effective mass

rnvelope function that we have used is then given by
- ml _imd . .
1"(?) = p e £(2) § A.:lt Gak(f:’-) , (“\

where the basis tfunctious GJk(p,z-z,) are taken to be the product of

b Gaussian functions in pand 7-z,.

:: Gjulp 1) = & ith) P ewany (16

b
& 53-11
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lhe parameters Ajk- dJ-, andp were determined variationally. Thirteen

’
ot

terms were used in the expansion of Etquation (9) for both the ground and

rv«ga
IR S A

excited states.

". s !—Aaf

V. RESULYS AND DISCUSSION

-
.

As we indicated earlier, the major broadening effect for shallow
donor transitions in these heterostructures is the position of the donor
with respect to the well. This is clearly indicated in Figure 1, which
shows the dependence of the 1s-2p. transition energy as a function of the
position of the donor. The magnetic field chosen for Figure 1 corresponds

to Y= 1, and the energy units are effective Rydbergs (Ryd). (The 1s-2p,

enerqgy can be obtained by adding 2V to the transition energies in this,

and the succeeding, figures.) The donor position, zj, is given as a ft'Lj

Fraction of the well width L, with zy=0 being the center of the well. As ;

can be seen in the fiqure, the 1s-2p. energy decreases monotonically as ]

- .‘_-.-<

the donor 15 moved from the center of the well to the edge (z;=L/2) and on : :

;i into the barrier material. Note the wide range (»~1 Ryd) of the transition ?Ii:l

- enerqgy for dowors at different well positions. '::?f

"‘ As seen in Equation (b), the derivative of the transition energy with -

. respect to the donor position is an important factor in determining the j';.

f: absorption profile. This derivative vanishes at z;=0, causing the ideal ffﬁ

'? protile to have an infinite spike at the enerqgy corresponding to z;=0. 2]

V.. Other broadening mechanisms neglected in Equation (6) will remove the : ':

.’ . LT . .

. A,' - -y

::, singularity, but there will be a peak characteristic of donors located at R

w. SO

‘F;f the center of the well. ]

@ 53~12

3
/.

}' ) |

“.' .- ) .--\-- -':‘.q—'.-" . o ":-'.'-.. .. e V. ) -.. ]

J,.A. Fd : n‘ :p .‘“ _\:'_;“':;,_L,':‘L":I\“A\:;‘:lj':-{)-i-\;.’k‘;.'_.li'-A.':A.\‘;l':l.'-A“’_‘A:':-."‘-'..:)_..L.'.--'.;A‘z:..‘ ._. - ‘- ade tata N ‘*t":_‘




oW v W e e v ——
DT

-

AR O N A e
s v e Ty Ty
e .

Lb

-

-

Eal

o

~ .2

>

|

z = 1004
V]

§ ol
=

(4

$

1S
=~

& o4 o

N

D
2

0.0 A S Y A I A A - i
0.0 0.2 0.4 0.6 ot 1.0

DONOR LoeATioN (Z:/L)

Figure 1. Variation of the 1s-Zp. transition energy with donor position.

ihe magnetic Field parameter ¥ = 1.

the solid line of Figure 2 shows the absorption profile for a
um form impurily distribution versus transition energy over a range of
about. 1 eftective Rydberqg. As in Figure 1, the magnetic field value is
Y 1, while the well width 1s 150 R. The points shown on the solid curve
correspond to equally-spaced z; values, each separated from the two
nerghboring poiuts by 0.05L, or 7.5 % The edge position, z;sL/2 is
ndicated on the figure, while the center position is at the right side,
at. the location ot the dbsorption spike predicted in the preceding
paragraph. Note that there 1s only the single spike in the uniform donor
distribution curve.  [he absorption continues to increase for still

smatler enerqy values than shown insgh%.;ﬁgure. This is due to the fact
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Figure 2. Absorption profile for a uniform distribution of donor impu-
rities and for an accumulation of donors at the interface. L=150 A and

y=1.
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Figure 3. Absorption profile for spike doping at the center and at the
edge of a GaAs quantum well. L=150 A and y=1.
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that the derivative of the transition energy with respect to zj becomes
smaller with increasing z;. (See Figure 1.} lhis increase will not

continue indefinitely in a real heterostructure with finite-width barriers

[ because as a donor moves further 1nto a barrier away from one quantum
well, it gets closer to a neighboring well. lhus a finite-width barrier

’ results in some maximum value for zj, and for uniform doping should

exhibit & peak characteristic of donors at the center each barrier.

&L' fhe dashed curve in Figure 2 11lustrates the absorption profile with
L‘; a 10 R wide Gaussian donor impurity distribution superimposed on a uniform
Ef: background distribution. The Gaussian distribution is centered at the
Ez intertace between the GaAs and Gay-4AlyAs, and has a peak value of five
E times that ot the background. The presence of a local impurity concentra-

tion at the interfaces between semiconductors is suggested by the photo-

fuminescence spectra of Shanabrook and Comas,g who observed two donor-

related peaks at energies in approximate agreement with the on-center and

on-edge shallow donor calculations of Mailhiot, et gl.z (The theoretical

prediction of Rastard!l that there should be a second peak in the spectrum
of a umiform donor distribution is in error. His prediction applies to
heterostructures whose donor impurities are found only in the well
material.) Figure 2 thus shows that if the donor impurity distribution

15 uniform, there should be only one peak associated with the 1s-2p,

transition. A second pesk can be caused by a local concentration of

impurities as might be found at the interfaces between the two

semi conductors.

Figure J shows the etfect of a "spike-doped" donor distribution upon
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the gbsorption profile.  Spike doping has been employed by Shanabrook and
collaborators 11 several experimental studies of shallow donors in GaAs-

Gap. «AlcAs heterostructures. The profile in tigure 3 is for a 150 R vide

quantum well, with 50 R wide Gaussian doping spikes. Any background
impurity distribution 1s assumed negligible. The applied magnetic field
again corresponds to Y= 1. Two cases are presented in the figure. The
solid Vine represents the case in which the peak of the spike occurs at
the ceuter of ithe well, while the dashed curve represents the results
For doping spikes whose peaks are at the interfaces between the two semi-
conductors.  Not surprisingly, the on-center case yields an absorption
protile with a single peak whose maximum transition energy is that of a
donor located at the center of the well.

he on-edge case i1s more complicated. There is still a spike asso-
clated with donors at Lhe center of the well. However, its presence may
be misieading. The amount ot absorption seen 1n a real profile is propor-
tional to the avea uuder Lhe curve 1n any given energy range. The area
under the central spike 15 relatively much smaller in this case than it is
for either the umiform distribution or the on-center spike doping. Another
interesting point about the dashed curve of Fiqure 3 is that the low
enerqy peak of the absorption does not occur at the same place as the peak
of the doping spike. This 1s because the doping spike is very broad and
15 multiplied by & Factor that increases with smaller energies --- the
inverse of the derivative of the transition energy with respect to donor

posttion z,. The combination causes the peak to be shifted to lower

energies than would be expected for a very narrow distribution centered at

the 1nterface (as in the dashed curve of Figure Z).
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“;' Recently Jarosik, et al.1U have obtained data from far-infrared
absorption experiments on shallow donors in spike-doped GaAs-Gaj._,Al,As
quantum well structures. In one of the samples, for example, with mag-
nelie Field strengths i the range 0.5€Y«€1.5 they observe three peaks
i broad aiworpbion teature approximately centered around the bulk GaAs
1o-2p, transition.  This particular sample 15 doped with a ~50 K wide
ke ot the center of the well. et us assume that, in addition to the

doped Lpirke, Lhedr heterostructures contain a narrow concentration of

mpuri ties it the interface. As mentioned earlier, this assumption is
consistent with therr photoluminescence data on some of the same samples.
The two theoretical peaks correspouding to donors at the center and at the
wdges of the 150 X wide GaAs well Fall rather close to the two higher

eneryy peaks seen by Jarosik, et al., so it is tempting to identify these

experimentsl pesks with our theoretical ones. Although the third (low
snergy) pesk 14 b about the right energy for the peak corresponding to
donors gt the center of the barrier layer (which was not shown in Figures
I 1), the much lower donor concentration in the barrier makes it unlikely

that such & pesk would appear in the experimental profiles.

Moreover, photolumluescenceg and Raman scatterinqll experiments

suggest that the theoretical values For the binding energy of the ground
wLate of the shallow donor at the center of a quantum well are too large

- by o tew meV. This also appears to be the case for the zero magnetic

-

t! Field tar-1afrared absorption measurements. [f there is a systematic
;i overestimation ot the binding energy on the part of the theoretical

E? calculations, then the two jower experimental peaks may correspond to
i; our on center and on-edge 15-2p, transition energies. The third (high

AN
v
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enerqgy) experimental peak could then be due to higher shalliow donor

transitions, such as a 1s-3p4 transition,

VI, RECOMMENDATTONS

As seen above, the comparison between theory and experiment is
ambiguous. Far-1nfrared data has only recently been obtained, so there is
need For improvement 1n the data as well as for more data. For exampile,
it would be helpful 1f the Is-Zp. transition could be measured as
consistently as the 1s-2p,. Also, additional studies with varied doping

profiles and particularly wider Gaq-xAl4As barriers would be helpful

toward identifying the three peaks in the absorption profile.

On the theoretical side, there are two primary improvements that can
and should be made to the calculated profiles. First, better account
should be made of the finite width of the barrier material. Not only
would doing so reduce the transition energies somewhat, but more
importantly, 1t would determine the location and the strength of the peak
due to donors near Lhe center of the barrier material which we neglected
in this work. [t would be worthwhile to know whether this peak is one of
the ones seen 1n Lhe Far-intrared absorption experiments.

ihe other 1mprovement that should be made is the inclusion of 1s-3p
transitions 1n the frue shape wadculation.  Determining the location of
the is-3p peak diw to centrally located donors is important since it is a
condirdate tor one of Lhe experimentally observed peaks. Furthermore, it
in likely that such trapsitions from off-center donors will overlap the

Is-2p profile, possibly altering its shape.
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ABSTRACT -]
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I. INTRODUCTION

The Air Force has recognized the need to consolidate the many varied
communication, navigation and identification (CNI) systems carried on
modern aircraft. A solution to this problem of redundancy of function
and incompatibility of hardware is the Integrated Communication,
Navigation and Identification Avionics (ICNIA) systeml. With this
innovation, all aircraft will carry a single CNI system. The ICNIA
system will consist of a minimum amount of modular hardware and a
maximum of software. There will be some deliberate redundancy in the
hardware so that a failure in one of the subsystems can be channeled
through compatible hardware of another subsystem. This software driven
CNI system will also have self diagnostic capabilities. It is apparent
that ICNIA will be a complicated system and the hardware will include
new technologies. The evaluation of such a complicated and interrelated
set of subsystems will be a monumental task especially for testing
performance in hostile atmospheres containing noise, fade, jam,
multipath, etc., all in real time.

An answer to the ICNIA test and evaluation question is the
Integrated Electromagnetic System Simulator (1ESS)2. 1ESS is itself
somewhat of a software driven communication system. It contains no
receiver capability excepting that of the imbedded ICNIA under test.
IESS has some, but not all the transmitter capabilities of the CNI
services in ICNIA; nor does it have the capability to generate jam.

IESS is designed to run software driven real time CNI scenarios with
computer stored and analyzed results. IESS itself must be evaluated as

an adequate test facility for ICNIA. It will be necessary to begin the
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i‘ evaluation process early ¢« .n the schedule, since the new technology
hardware should be evaluated as it evolves so that positive feedback can
be given to the contractors during the development stages. _
A systematic approach to the evaluation process is necessary to keep
the effort manageable and consistent. The linear systems approach is
such a method. A linear time invariant system can be characterized3,4,5
by studying the output of the system relative to specified inputs, and

great convenience is introduced if this is done in the frequency

domain. Even if a system is not completely linear much information can

be gained by finding the gain and phase shift at frequencies of
interest. This also, is most conveniently done in the frequency

domain. This input/output comparison can be applied to the complete
system, i.e. compare the input of the transmitter to the output of the
receiver; or it can be applied to one of the subsystems, i.e. one of the
amplifiers. Even individual components can be examined in this manner.

This approach to system evaluation and analysis will be discussedi in

greater detail later in this report. The author has had previous

- experience in this field6»7, particularly in the frequency or Fourier

b -

- domain.

b .

-

-

..4’ II. OBJECTIVES OF THE RESEARCH EFFORT

b .

{f. It was agreed during the pre-summer visit that the effort for this

:;: summer research period would be the evaluation of approaches for

f. accomplishing signal processing functions in the area of communications

Ex relative to the mission of AAAI. These evaluations should lead to i

b, -

}? recommendations concerning: mission objectives, hardware specifications {Qi{f
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and software approaches. This effort would be accomplished by making a
survey of existing industrial and governmental approaches, including an
attempt to make optimal usage of existing hardware and software

presently available in AAAI.

To a large extent all the above objectives have been accomplished,
at least as far as the recommendations are concerned. Although carrying
out these recommendations has begun under this program, in several - ]
instances a continued effort will be required to accomplish the desired .%
results. Some of these ongoing efforts are being included in a proposal
to be submitted under the Research Initiation Prozram sponsored by

AFOSR.

III. SYSTEHMS ANALYSIS

Herein are presented some ideas to be considered in preparation for
the installation of the IESS system at WPAFB in 1988. First a general

and comprehensive overview of some CNI system evaluation approaches will

be reviewed; and finally some specific approaches that have the
potential for immediate implementation in AAAI-4 will be presented.

A generalized CNI system can be visualized as in Figure 1. Here a
modular block diagram shows the transmitter and receiver as

complimentary sets of subsystems (modules) each of which perform some

=
-

specific operation or process on the signal it receives at its input

v
f]
T

77
’

port. The result of this specific operation will be carried on the

signal at the output port of the module. A transmitter accepts an

w5y
1
.-I'A.AJL_ I_' S A

information signal (voice or data) at its input transducer (microphone

or data bus) and operates on this signal with several subsystem

functions as shown. The antenna itself can be represented by one or S
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more modules depending on its sophistication, for instance a simple

dipole as opposed to a phased array. Interfacing problems have been
ignored for simplicity, but they could be represented as one or more
modules in the final analysis. The radio frequency (RF) path can also
be represented by several separate modules that operate on the radiated
waveform. Here is where jam and atmospheric effects can be taken into
account.

The receiver also has an antenna which would have a modular
representation complimentary to the transmitting antenna system. The
demodulating subsystems of the receiver, most of which perform an
inverse operation of the corresponding modulation block in the
transmitter system, also can be modularized and again interfacing
effects can be represented by one or more system blocks.

This generalized overview of CNI systems, though simplistic in its
approach allows for a systematic evaluation of the overall performance
of the entire system by isolating the many diverse functions of the
subsystems or modules for closer scrutiny. It is now clear that the
input/output comparison approach is applicable to a single module, a
group of modules, or even to the entire system. This is demonstrated by
the previous example of voice at the input transducer of the transmitter
being compared with the output voice from the receiver output
transducer.

The simulation of CNI systems can also be approached in this
manner. The actual methods of simulation are diverse enough to allow
total system simulation to be realized earlier than usually anticipated

by mixing and matching hardware and software in the model. A possible

54-7
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m example is a transmitter that is completely simulated in modular

fashion. Suppose a hardware design change is implemented in the first
. amplifier stage. With proper interfacing the new hardware module could
h be substituted for its simulation module in the system simulation
S sequence, and its effects on total system performance tested in real

time or non-real time depending on the situation.

take the form of: (1) pure mathematical models, (2) convolution with
calculated module impulse response functions, (3) convolution with
actual measured module impulse response functions, (4) circuit analysis

programs like SPICE and (5) actual hardware modules. Of course hybred

o Different types of software simulations for individual modules can
till

3

@

]

b

simulations including some or all of the above increase the flexibility
of the modular approach. Keeping these thoughts in mind, the term

n system or module used in the rest of this report will imply the most
3

v
b
P

EP T
It

general interpretation.

)
»
¥

.
y

n
POV aly

s

Some traditional methods of CNI system evaluations include

oo
be :

a9

measurements usually performed in susceptibility analysis. These will i

=

not be discussed in this report but they should be considered as an e

important part of any evaluation approach. The Interactive :ﬂf{

Communication Simulator (ICS)8 can also be helpful in the evaluation _‘-l

E

process. The most advanced Network Analyzer now on the market seems to RN

be the HP5810. This Network Analyzer is completely programmable and o

while it is costly it is so efficient that it will be difficult for any h

one group to give it 100% utilization. The possibility of time sharing ffi

L‘fﬂ seems reasonable. There are three on order from AFWAL at this time. :%}:

- . .\b“:‘

- These analyzers can be useful in characterizing non-linear systems also. ‘} ;
. " h.".

i -
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IV. DIGITAL SIGNAL PROCESSING o]
. '\)‘

S Rl

The usual approach to the analysis of linear time invariant systems3’4v5 f{:ﬂ

begins by defining some function of time x(t) to be an input signal to

the system whose unit impulse response is given by h(t). The output

¢

2 AN 1
T
W
AR
]

v

-ﬂ: signal y(t) caused by the input x(t) is then given by the convolution

A
.
s
¢

o integral

_ y(t) =f h(t) x{t~-t) dr. (1)

In the frequency domain this relationship reduces to

AN
.

Y(f) = H(f) X(f) (2)

where

Y(6) =f y(o) e IHNEE g, ™

Note that equation (2) leads to the relationship

() . “

H(f) = X(E)

Then, thé Fourier Transform of the unit impulse response which is

referred to as the frequency response function is simply the ratio of

the Fourier Transform of associated input and output signals. Note that

e
y

in general both amplitude and phase information is available. Equation

—

W
»

. T
f A .
' Lt T,

(3) is the usual definition of a continuous Fourier Transform and the

transformation equation 1s the same for X(f) and H(f). However, in

- v
- e,

o practice experimeatal approaches do not record continuous values of x(t)
-:j and y(t), but record samples x(k) and y(k) at sample times At apart, and
8
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for record lengths T=At «NS, where T is the length (time) for a record of
NS discrete samples. Then the Discrete Fourler Transform (DFT) is

defined by9'10

.29
N-1 Jﬁ‘mk

1
Y(m) = 45— 2. vk e (5)
k=0
where all terms have their usual meaning. The Fast Fourier Transform

{FFT) is simply an algorithm which computes the DFT quickly and

efficiently by taking advantage of the mathematical properties of the
-

sum in Equation (5). R
The power spectral density function or autospectral density function

or simply the auto spectrum of the signal y(t) is given by

*
SYY(f) =Y (f) Y(£). (6)

This function is the Fourier Transform of the auto-correlation function®,5
of y{t). However, in practice Equation (5) is really only an estimate
Yi(m) of Y(f), gotten from the ith record. A more reliable estimate4 of
Syy(f) is realized by taking an average of many (NR) records, where the

discrete experimental values of Syy(f) are given by

L R
S,.(m) = Lim < Y, (m) Y (m). (7
YY Nkso VR 2o 1 1

This relationship also holds for Syy(m). Another useful relationship

called the cross spectral density function or simply the cross spectrum

is defined by

NR

1 *
Se(® = Lim = 3 X (m) Y, (m), (8)
XY NR+w VR fTp 1 1
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*
and S a g XY(m). The cross spectrum is the fundamental function

wx @
relating the two signals to each otherll. The cross spectrum is the

Fourier Transform of the cross-correlation function®:3 of y(t) and

x(t). Another valuable measure of the relationship between x(t) and

i y(t) is given by the coherence function
o 2
- v2¢6y = |9 .
- 9)
Sxx(f) SYY(f)
3 The coherence function is related to the correlation coefficient

function4s3 but is not equal to its Fourier Transform. The coherence
i‘ function can be interpreted to be a normalized cross spectral density
functionll. Similar to the correlation coefficient, the coherence Y2(f)

of the signals x(t) and y(t) is a function which on a scale from 0 to 1

measures the degree of linear relationship between the two signals at

any given frequency f. For discrete data

2
2 |S gy (]
Y (m) = sxx(m) 3

) (10)

YY
as might be expected. This relationship implies the desirability of a
dual channel FFT Waveform Analyzer or system analyzer.

The averaging process of Equations (7) and (8) lead to some

desirable relationships when the measurement system is effected by

noise. If Equation (2) is multiplied by the complex conjugate of X(f)

L g a1
AR

-

X6 ve) = x*(6) HE) X(H) (11)

* *
here X (f)Y(f)sSXY(f) and X (f)X(f)-Sxx(f), it is seen that:

L S SN g

L
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*
)

Syy ()

H(f) = ——— = H,(f). 12
Syx (D 1 (12)

Also if Equation (2) is multiplied by the complex conjugate of Y(f)

* *
Y (f) Y(£) = H(f) Y (f) X(f)

(13)
where Y"(£)Y(£)=Syy (£) and Y™(£)X(£)=Sy, (£), it is seen that: A
S, (f)
YY -
H(f) = ———— = H_(f). (14)
Furthermore if the absolute value squared is taken of both sides of
Equation (2)
* * *
Y (£) Y(f) = H (f) X (f) H(f) X(f), (15)
it can be seen that =
.\%:'-'4
S (£) pao
2 Yy _ 2 Dt
IH(f)l = — = lH (f), . (16) - _\:%
Sxx(f) a :\.1
Note that the definition of Hl(f) and Hz(f) lead to the relationship,
2
:1(:) i Syy(E) Syp () i ISXY(f)I eI an
2( ) Sxx(f) SYY(f) Sxx(f) SYY(f)

We therefore have several different methods of measuring the frequency

'E response function of a system. If the system {s perfectly linear and
.-
i:: time invariant, then

_. - ‘P——*‘
= R Hl(f) Hz(f) (18) ;f;fi
=", A
- AN
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- - (19) Ry

|Hl(f)l (0] = |u (0] o

If these equalities do not exist, the system is either not linear and e
Lt

time invariant or there is noise present. f;i:
‘\:

Figure 2 shows a flow diagram for a typical dual channel FFT :};}
53

e

Waveform Analyzer or system analyzer. Figure 3 gives some examples of 2
this approach in the presence of noise. In Figure 3 m(t) is noise
introduced at the input side of the system and n(t) is noise introduced
at the output side of the system. As can be seen in the Figure,
valuable system information is available even in the presence of noise.
The ideal System Analyzer will measure either Hj(f), Hy(f), Hy(f) or a
suitable combination of thenm.

The minimum requirement for digital signal analyzers to avoid
aliasing8‘13 is a sampling rate at least twice the bandwidth of the
signal. However for good reproduction of sampled signals, requirements
of eight to tweaty times the bandwidth of the signal are givenla. Some
of the fastest digitizers on the market will take 1024 samples at a
maximum rate of 200 MHz. This rate will yield 20 samples per cycle of a

10 {Hz sinusoid for a total of 51 cycles per record and will take 5.12 us

per record. It doesn't seem possible to achieve better than five bit

accuracy at this ratel4, Lower sampling rates will improve the number ;};:
of significant bits per word. Many dual channel FFT System Analyzers }f:i

are available up to 500 kHz but the TEK 7612D seems to be the best

overall choice to achleve reliable sampling up to 10 iHz.

,
Q|
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y 5
FFT SYSTEM ANALYZER FOR AAAI ?ﬁ?
An attempt has been made during this effort to create an FFT systenm 'ﬁfy
analysis capability with existing software and hardware presently :i:g
e
available in AAAI. There were several FORTRAN programs written not all ;~;;
of which were completely debugged during this effort. Testing, 'if
debugging, expanding, and refining these programs will be a major part -
of the effort set forth in the proposal being prepared for the Research ?;f
Initiation Program sponsored by AFSOR. The design of the FFT system E
analyzer facility using an AP120B Array Processor driven by the Harris '“Ti
T

computer is shown in Figure 4. The input to all the programs is read

from the Harris system disk. The format of all functions stored on the -

disk is expected to be (3X, E15.7) for real variables and (2(3X, E15.7)) ,1;?
for complex variables. The first record of each file is the number of :?l:
records that follow. The format for the first record is (3X, I10). All ;:;
.- ;: the programs in Figure 4 read their input functions from the disk -

expecting the format scheme as defined above. All the programs that

create output functions, write these output functions on the disk using

3 R

the same format scheme described above. Therefore, the output of any

'.' L}

program may be used as the input for any other program. At least their

P

[

N, hN Yy Y
v, R
PPN
i
»

formats are compatible. Proper logic is dictated by the user. The only

S?: programs that do not follow this scheme are the plotting routines which :Viﬁ
Ei;? do follow the input scheme but create no output except a graph displayed ;;%j
Eizz on the TEK 4016-1 graphics terminal. A hard copy of the graph if jii
t i desired is available through the TEK 4610. Sy
éﬁ;; The reason for the compatibility between program input and output :iés
:i?s formats is obvious. The reason for designing all inputs to be read from ;i%
- =
_' 54-16 T
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g the disk was an attempt to allow the programs to accept experimentally :

:» generated data provided that the data can be written on the disk. iffi

E; Recommendations concerning methods of transferring real experimental -_;;
Y

I signals to the Harris computer will follow. :\—.4

:;i A description of each progzram will be presented here. Complete :&fii

‘ documentation and FORTRAN statement listings are in the possession of :$:§

Mrs. Lydia Harris of AAAI-4. f;;j

TESFIL: This program creates functions to be used as inputs for the ;jié

other programs and writes them on the disk. The name of the new file, E:iiq

the number of points, the type of function and the amplitude are ;;ii

determined by the user. Choice of functions are: square wave, ;Tff

sinusoid, unit step, delta function and comb. They may all be written
on the disk with either format, (3X, E15.7) denoting a real function or

(2(3%X,E15.7)) for a complex function with all imaginary parts equal to

zero. Up to 1024 points may be generated for any function created by

TESFIL.

v

REPLT1l: This program will read a real function with format (3X,

,'
y

E15.7) from the disk and plot it on the Tektronix CRT. A hard copy may

.-

ii; be requested from the keyboard of the CRT. The input for this program
E}Y is simply the file name of the desired function on the disk.

r” REPLT2: This program is similar to REPLT1 but it will plot two real
E_ functions on the same graph for comparison. The graphs are

:?; automatically scaled to the largest value of the second file read in.
?; The only inputs required are the names of two real functions stored on

A the disk. A listing of this program is included in the Appendix.

.

|

LD
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CMPLTP: This program reads a complex function from the disk
assuming that its format is (2(3X, E15.7)) in the polar form (MAGNITUDE,
PHASE). The program plots two curves on the same graph scaled. to the
largest magnitude. The magnitude of the phase is plotted assuming its
units are radians modulo + r. The only input to CMPLTP is the name of
the file to be plotted.

CMPLTR: This program reads a complex function from the disk
assuming that its format is (2(3X, E15.7)) in the rectangular form (REAL
PART, IMAGINARY PART). The program plots two curves on the same graph
scaled to the largest value of the real part. The only input to CMPLTIR

is the name of the file to be plotted.

Further information about the plotting facility can be found in the

file PLTMAN/T stored in the Harris computer.

These plotting facilities are invaluable in checking large input and ]
output files, for debugging, and for interpreting results. They were ) R
written early on in the effort, as soon as it was discovered how much ';};A

time was needed to read 1024 values of data. Figure 5 is an example of

a graph of a gate function and Figure 6 is its auto correlation
function.

TRANS: This program reads a time domain function (TDF) from the

disk, takes the FFT according to Equation (5) and writes the resulting

frequency domain function on the disk under a file name specified in the :{ﬂ{j
N LS.

N

input. The user has a choice of the form of the output file. The :\izf
RN

STy

frequency domain function (FDF) which is in general complex can be 1

written to the disk either in rectangular form (REAL PART, IMAGINARY ]f~}i

RN

PART) or in polar form (MAGNITUDE, PHASE:MODULO+ ™. The inputs to this ﬁ::f;

program are the name of the input file, the name of the output file and o .'j

S
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FIGURE 5. GRAPH OF A DIGITAL SIGNAL (GATE FUNCTION) HAVING
1024 SAMPLES.
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the form of the output +1 denoting rectangular or polar form for the
complex frequency domain function. A listing of this program is
included in the Appendix.

INVERS: This program reads a complex frequency domain function froa
the disk and performs an Inverse Fast Fourier Transform (IFFT) according

to the relation,

29
N-1 j=—=mk
y(0) = ¥ ¥(m) e NS (20)
m=0

which is the inverse operation of Equation (5). The resulting time
domain function is expected to be complex. INVERS as it exists at this
time only writes the complex time domain function on the disk in the
rectangular form. The input to this program is just the file name of
the frequency domain function to be inverse transformed and the file
name of the output time domain function.

In hindsight, it would have been more convenient for the user if
TRANS and INVERS were combined into one program with input formats and
output formats the same, i.e. (2(3X, E15.7)) with real functions having
a<ns1:XMLFault xmlns:ns1="http://cxf.apache.org/bindings/xformat"><ns1:faultstring xmlns:ns1="http://cxf.apache.org/bindings/xformat">java.lang.OutOfMemoryError: Java heap space</ns1:faultstring></ns1:XMLFault>